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USE OF INTERCELLULAR ADHESION MOLECULES, AND THEIR BINDING UGANDS IN THE TREATMENT 

OF ASTHMA 

FIELD OF THE INVENTION 

treatment of asthma. 



TO 



DESCRIPTION OF THE RELATED ART 
A. Cellular Adhesion 



Leuk ocytes must be ab,e to attach to «*Jr ^ 
foreign invaders such as bactena PA (1980). pp. 290-295 and 381-418). 

Bsen. H.W.. (In: Microbiology . 3rd Ed, Harpe r & Row. ™£* J^Wn circuiation to sites of 
Leukocytes must be able to attach 1°^*"^™™^^^ so that a normal specHIc 

hybri doma technology. Briefly. ~^,jSJ^^J^1^ cei.s (Springer. T. et al. Eur J. 
D. et al.. Proc. Nad. Acad. Sou USA 1^535-4539 {wn i )) °™ * ^ jnhibjted ^ attachmen- 

lmmunol.1^306 (1979)) were identified wh,eh bound to teutocyte The molecules 

iasm**. described above »P*W«J L-uSoSpTrSon-assodated An«gen-1 (LFA-1). 
identified by those antibodies were e^^^J^JSl fyrXcytes. LFA-1 is found on most 
Mac-, is found on macrophages 9^ u, ^ e ^ g^r^^two molecules, plus a third 
.ymphocytes (Springer. TA, et a.. fiS^^^SriS in ce.lu.ar adhesion (Keteer. 
m o,ecu^.p150.95 (wh^ of ^ family . M m 

tJ&J&fiS^ Z** r Si to one ano^. and to 

The above-described leukocyte molecules were found to be s,m Med . , 58:1 785- 

consttute members of a related family of g.yc = s J^^^^^saSTS-. * 
1803 (1983): Kefcer. Q.D. et al.. Eur. J. lrmmg. 15 .1142 114 ^ h ^ subuntt of 
composed of heterodimers having one alpha sub "™t and one JJV^ » to nlghly conser ved 
each of the antigens differed from "^g^^^g^ of £. glycoprotein 
(Sanchez-Madrid. F. et al.. J. Exper. Med 15^1785 1803 w ^ ^ 

Lily (referred to as-CDlS" famihy) was ^^^ m ^ P Zutm-2BS3 (1985)). Although 
subunits were found to vary from 150 kd to 80 kd (Sponger. T .- ^E^^ ^ by ^ b9ta 
the a.pha subunits of the membrane ^^^^^^ substantia, 
subunits. dose analysis of the alpha f"^"^^^^^ alpha and beta subunits of the LFA-1 
similarities between them. Reviews of the ^.j" Me d. 158:586-602 (1983); J. 

related glycoproteins are provided by Sanchez-Madnd, F. et al.. (J. txper. 

Exper. Med. 158:1785-1803 1 (1983)). of ^ member 0 f 

A~group of individuals has been .dentrfied who are unab p 44^7,-2677 

«. adLion protein fami.y on oST^*-" aT'Leukocyte 

(1985); Anderson. D.C.. et al.. J. Infect, Dis. ™**^^J^s displayed in vitro defects similar 
Adhesion Deficiency" or "LAD" syndrome. "^^^I^^S^i anHbodiSs. Furthermore, 
to normal counterparts whose CD18 fam.ly of of their ceils to adhere 

these individuate are unable to mount a norma. J^"^^",^ Lerson, D.C.. et a... J. 
to cellular substrates (Anderson. DC, et £J2^jj£j delayed umbilical cord sepaAon. 
infect. ». 152:668-689 (1985)). LAD despite a slicing blood 

^LS 3 sST^^a^eld'X imm P u. reasons are minted when ,m- 
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oocytes are unab. to adhere in a norma, fashion due to the lac* of Actional adhesion mo.ecu.es of *e 
of an animal quires that they be ^ J^^ 

adherence has been found to requ.re cell-cell contacts wh>ch ,nvo ^ ly mphocytes 

B. Asthma: CUnlcal Characteristics 

aacMobronchi » shmali <«=**>•*• « 0 ^^r^KS.T5^6^!!5«!S5: 
PettraWt. R.S. « al., Ed... McG<awH,». NY (1883). PWJ=" " "J. ' ntoaric^wcaWTSK™ 

iTmahilsstad b, »» ■>*! "nw ^ I^Slto <J*U*»1 Ol e«* of ttas. condition. IS 
„»m .1 dm™. c.»«h. ^^^I^' y£nS.7of » lung. «l «««. *~«- 

«• asthma - , ... ha Hananrisnt uDon an loE response controlled by T and B lymphocytes 

» symptoms i« -asponss to t"£%~>» •* " «» Ms8ertn3 "** 

Asthma ma, W MM «m '^•-«™«»* "J^Xids (such as nydroconisono). inhibitor, 

atropine). 



C Asthma: Immunological Characteristics 

E. « jL. i *SE E^f 7 ^ . "Sc piT- -as won »™d W 

iK^Ss^'*" *~ 50,1 " "* 9 " n *' 

ide^fiidTFTiiSi. T et ah. i ^ ^fl^S^j^om the above-described studies, from 
lnsight into the in— «jc- bas, of a* ^^^^ 70: 88 (1982)). and studies of 
bronchoalveolar lavage studies (Godard. P. et au. J. Aiiergy 
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Bams. P- J- « i- 5t i 52E!S2i *f ''^"TZl^ M » ik, dcwlopmem ol a 9 ="««»y 

eosinophils are attracted to the broncnus in ora«* iu . ^ h m mey de granulate to 

of the lung. According to the hypothecs 9 ^ U ^'Z^^^SS enzymes such as 

20 for treating asthma patients. 
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SUMMARY OF THE INVENTION 

(a) an antibody capable of binding to ICAM-1 ; *n ipam-1 • 

b) a fragment of the antibody (a), the fragment being capable of bind.ng to ICAM 1 . 
(c) ICAM-1, being substantially free of natural contaminants; 

2 S^-IX S a member o« the C018 .ami,y of glycoproteins; 

^ fTgment of L antibody (e). the fragment being capable of bindmg to a member of the C018 

^'utX^ the CD18 family of g.ycoproteins, being substantiai.y free of naturai contaminants; 
(h) a functional derivative of a member of the CD18 family of glycoproteins^ 

responsiveness. 
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BRIEF DESCRIPTION OF THE FIGURES 

only minor differences. 
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, nmtain-coatad with PAF (10~ 7 M) stimulus, immune complex (IC) coated and stimulus, and non- 
t^ TZ^s lZ cl vl estate* by a —trie assay tor eosinoph,. percdase 

(EPO) as ban EPC > units tS.a mon0 clonal antibodies (MAbs) (supernatant 1:4 dilution) on 

Statistically signfficant attenuation of adherence ^"^^^ (supernatant 1:4 dilution) on PAF 

by an asterisk. mo noclonai antibody R6.5 on the (A) aiway eosinophil 
» alternate day inhalations of A-^gggS*^^^ 

* difference. Each tetter re P rW8 ^ ^^"^^Lations of antigen in (A) inhaled methadone PC, 
Figure 9 shows changes induced by multiple ^ a "°"« « ' J ' ^ (chi ^auare approximation), 
and (B) bronchoalveolar lavage (BAL) eosmophils. Xsq - Kruskal-Wallls Test <wii sq 
Each letter represents an individual monkey. 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 
A. The Immunopathology of Asthma 

intensity of asthmatic symptoms (Hargreave, F.E. et aJ.. J. Aner^y ^ ___ — gam di ^ 

et al. Thorax 37:288-291 (1982)). respons.veness has been shown to b nncrea y P° lrnfnunol . 
(BoTletL^ el al.. J. Allergy. Clin. Immunol. 72:399-406 (1983) Carter A. ^i^^j^ft^n^ 
70:170-177 0T82T Ccckcrott D.W. et aL Clmjcal ^ ™£« S ^ ^areh WR. eT aT Arn^T Re7 
Respir. Dis. (1989). Lanes S. et ah. J. AppL ^^f^^ 98 ^'^^ msfe-SB {T9P))73? 
RespiT "Bis. 132:87^79 (1985). Sotomayor H. et ^ ^^ff^Ms» (Empey D.W. et 
jKTGolden JA ^^SgScSSd chemicals (Chan-Yeung M. 5 

W.R. et al.. Amer. Rev. Respir. Dts. I3l_.875-87a {\wss>h cmj^y 
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1 13-131-139 (1976), Lam S. et al., J. Allergy Clin. Immunol. 63:28-34 (1979)). 

While the mechanisms T^eilyir^Tto pathogenesis of airway hyperresponslveness are not known. 

results from many studies suggest as indicated above, that eosinophil infiltration and desquamation of the 
£££ZZL are invert (DeMonchy. J.G.R et aL, Am. Rev. Respir. DIs. 131:373 (1985); Ujrm 
la. et al Am Rev. Respir. Dis. 137:62 (1988)). Since eosinophil mediators have been shown to damage 
airwa? i^rth^al^sl^lfresT-rwo events may be linked (Frigas, E. et aL, J. Allergy Clin. ImmunoL 
77:527(1986)). 
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B. Asthma and Intercellular Adhesion 

The present invention derives, in part, from the development of an assay capable of identifying agents 
havina therapeutic potential in the treatment of asthma. 

As used herein, "asthma" refers to either allergic or idiosyncratic asthma. An agent is said to have a 
therapeutic potential in the treatment of asthma if it may lessen (i.e. attenuate) the severity, extent or 
duration of the asthma symptoms. Such agents are preferably identified through the use of the followmg 
•asthma model system". As used herein, an agent is said to be able to treat asthma If. when admmistered 
to a patient the agent is capable of attenuating either the severity, extent or durabon of the asthma 

^STwiwct of the present invention derives from the discovery that the migration of eosinophils into the 
lung is dependent upon intercellular adhesion, and specifically that such adhesion is dependent upon an 

"ICAM-1* ("Intercellular Adhesion Molecule-l") interaction. 

As used herein, a molecule Is a member of the CD18 family of glycoproteins is It contains erther an 
alpha subunit of a member of the CD18 family of glycoproteins (i.e. a CD11 subunit). a beta subunit of a 
member of the CD18 family of glycoproteins (i.e. a CD18 beta subunit). or both an alpha and hi b*«*«* 
of a member of the CD18 family of glycoproteins. Thus, as used herein, a member of the CD18 famiry ot 
Glycoproteins includes molecules having only one subunit of a CD18 member as well as neterodimer (l.e. a 
molecule having both an alpha and a beta subunit of a member of the CD18 family. All such molecules may 
be either bound to a membrane or solid support or unbound p.e. "soluble"). 

"ICAM-1" Is the natural ligand for the CD18 family of glycoprotein receptor molecules (Rothlein. R. et 
al J Immunol. 137:1270 (19S6); Martin. S.D. et aL. Cell 51*13 (1987)). ICAM-1 is a 76-97 Kd ^protein. 
15^ -1 is not a ~heterodimer. The identification, characterization, and amino acid sequence of ICAM-1. and 
the production of antibody reactive with ICAM-1 and other adhesion molecules are disclosed in European 
Patent Application Serial No. 289.949 (which reference is incorporated herein by reference) and in Rothlein. 
R. et al. (J. Immunol. 137:1270-1274 (1986)), Smith. 6.W. et aL. in Structure and Function of Moto*" 
mvoTved in-LeTOte Adhesion. A.S. Rosenthal, et aL.Eds. (Springer-Verlag. New York, 1989); ».tW 
S^r-cWl^SL-^Tm (1988) and Barton-R.W. et aL, J. Immunol. 143. (1989)). all of wh.ch 
references are incorporated herein by reference). 

In brief. ICAM-1 is a cell surface glycoprotein expressed on non-hematopoietic cells such as vascular 
endothelial cells, thymic epithelial cells, certain other epithelial cells, and fibroblasts, and on hematopoietic 
cells such as tissue macrophages, mitogen-stimulated T lymphocyte blasts, and germinal centered B cells 
and dendritic cells in tonsils, lymph nodes, and Peyer's patches. ICAM-1 is highly expressed or i vascular 
endothelial cells in T cell areas in lymph nodes and tonsils showing reactive hyperplasia. ICAM-1 is 
expressed in low amounts on peripheral blood lymphocytes. ICAM-1 appears to be required for r«utrophil 
migration into inflamed tissues. Phorbol ester-stimulated differentiation of some myelomonocytc cell lines 
areafjy increases ICAM-1 expression. Thus. ICAM-1 is preferentially expressed at sites of inflammation, and 
is not generally expressed by quiescent cells. ICAM-1 expression on dermal fibroblasts is increased 
threefold to fivefold by either interleukin 1 or gamma interferon at levels of 10 U/ml over a period of 4 or 10 
hours respectively. The induction is dependent on protein and mRNA synthesis and is revers.ble 

ICAM-1 displays molecular weight heterogeneity in different cell types with a molecular weight of 97 kd 
on fibroblasts. 114 kd on the myelomonocytic cell, line U937. and 90 kd on the B lymphoblastoma cell JY. 
ICAM-1 biosynthesis has been found to involve an approximately 73 kd intracellular precursor. The non-N- 
glycosylated form resulting from tunicamycin treatment (which inhibits glycosylate) has a molecular weight 

°' 5 |CAM-1 isolated from phorbol ester stimulated U937 cells or from fibroblast cells yields an identical 
major product having a molecular weight of 60 kd after chemical deglycosylation. ICAM-1 monoclonal 
antibodies interfere with the adhesion of phytohemagglutinin blasts to LFA-1 *^ «'''»)*"• fo- 
ment of fibroblasts, but not lymphocytes, with monoclonal antibodies capable of binding ICAM-1 .nhib.ts 
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lym phocyte- fi brob,ast adhesion. Present of lymphocytes, out not fibrob.asts. with anybodies against 
LFA-1 has also been found to inhibit lymphoc^e-fibroWa^ adhesion^ „ 
ICAM-1 is. thus, the binding ligand «™™Z^£^ JS. gamma interferon and 
fibroblasts and endothelial cells in vjtro by ^ftln of lymphocytes into inflammatory 

tumor necrosis factor in a «me frame consent £££^«*Z t $. 9 t. a... J- — 
lesions in vivo (Dustin. M.L, el ah. J. Immunol 137^^ ^ aTvaicula? e7d5th£ 

137 :1893-1896. (1986)). Further ICAM-1 is «^ " '""J^^^ cells such as 

iiiTcells. thymic epithelial celis, <^ ^^KJSS «L £ce.is and dendritic 

tissue macophages. mitogen-stimulated T 'y^^^'^tT J Imlnol 137:245-254. (1986)). 
cells in tonsils, lymph nodes and Payers patches Ctartm. M.L.. | ah i ™_ , icnen 
■CAM.1 is expressed on t^Z^srtZi by i. app.ica«on of a 

planus, exanthema, urhcana and bullous diseases, wierg expression on the 

Sapten on the skin «o which .he m f si Td*d not T*Z ICAM-1 expression on me 

keratinocytes. On the other hand toxic patch* on to s ^ a ^ ^ Uom 69mM ^cai 

k — d - - - — es - 

^f^^^^^ discovery that agents which prevent or inhibK ce,,«ar 
adhesion may be employed in t *°™^*jf^* ance ^ ^ e present invention are ICAM-1 and 

cellular adhesion of the eosinophils, and providing ^^T^^^ Mogicai ^ty (either functional 
A "functional derivative" of ICAM-1 » a ^^^^^"''SX™ "functional derivatives" 
or structure that is substantjaHy ^ Xln^^^^ - a mokacu*. A 

is intended to include the "fragments van ^' "J* polypeptide subset of the molecule. 

55S s asri: i^-Kr s -"^t - a, 

-TSliTSU- - 7 dom*ns (Sta^too. 0., ? a. — Toda, 

D.E. et al.. Cell 52:925-934 (1988): Staunton. D.E. et ^^^^j^b^eference)^ The-dornainrol 
An ti genr33lT87-1 9 89). ail of which refer ences are ^ 
iCAMTarTshown in Figure 2. Domains 1 and 2 have been found to be ( m P°™ E ^ FASEB 

3S to its receptor molecuie (Staunton. D.E. et al. Tissue ___ 
J. 3*446 (1989) both of which references are -^C^^^i** «>™«*° 
present invention. ICAM-1 functional derivatives and espec ally sucno ^ ^ 

or mutant variants of ICAM-1 ^P""^^ ^CAM^ frlgmeTor mutant variants which 

m sssr. SmX ^ - — 

^^TTSS. 1 s^TIcAM-l is meant to refer to a molecuie substantiaily simi* in 
structure and function to either the entire molecule or to ^™ J^eW molecules nave substantiaily 
A molecule is said to be "substantially similar taa ^^^^L ^ provided that two 
m similar structures or if both molecules possess a s mil* J^ - ^*',, us ^ n even ,, the 
molecules possess a similar activity, they are considered vanante ^ ^ ^ 

structure of one of the molecules not found in the othen or rf th ^ enc ; substantially sirrii ,ar in 
identical. An "analog" of a molecule such as ICAM-1 s meant ^^Jo a mo. e ^ ^ to * . 

function to either the entire molecule or to a (ragmen t *» ^us adhere . ^ ^ 

-chemical derivative" of another moiecule when ,t .« ^^5*". bioiogica. half life. etc. 
ol the molecule. Such moieties may ■mprove the mo acuta ^uJW ^ £ undesirable 
The moieties may alternatively decrease the toxicity ^,2^^ S^are disclosed in Remington's 
side effect of the molecule, etc. Moieties capable of medKting such ar ja| c|ass ot "chemica l 

Pharmaceutic* Sdences (19B0). "Toxin-derivatzed" ^Tor an Sdy) which contains a 
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channel-forming toxins, etc. Procedures for coupling such moieties to a molecule are well known in the art. 

An addition* example of agents which may be used in accordance with the present Invention o treat 
asthma are LFA-1 , Mac-1 or p1 50,95, or the functional derivatives of these molecules. Such modules and 
functional derivatives can provide a treatment for asthma by virtue of their capacity to bind to the 
ICAM-1 of endothelial cells; and thus impair the ability of such cells to mediate binding and adhesion of 

^SXal interest to the present Invention are functional derivatives of LFA-1. Mac-1 or plSOj* which 
are soluble molecules. Of special interest are functional derivatives of these molecules which are 
teterodimers (containing both the alpha and beta subunits of the molecules) and monomenc denvatives 
capable of binding ICAM-1. Soluble heterodimers are especially preferred. 

ICAM-1 and the members of the CD18 farnify of molecules are immunogenic molecules Thus, rt is 
possible to obtain antibodies capable of binding to ICAM-1 or members of the CD18 fam.K- of molecule* 
Such antibodies may be used in accordance with the methods of the present invention .n the treatment of 

^Su^h antibodies may be obtained by introducing either the purified molecules (or cells which naturally 
express these molecules) into an appropriate animal, as by intraperitoneal injection, etc. If desired, the 
of such an animal may be removed and used as a source of polyclonal antibodies capable of b nding 
^molecules. It is. however, preferable to remove splenocytes from such animals, to use such spleen 
Sis Z a myeloma ce.l line and to permit such fusion celte to form a hybridoma cel. wh,ch secretes 
monoclonal antibodies capable of binding ICAM-1 or members of the CD18 family of molecules. 

hybridoma cells, obtained in the manner described above may be screened as described above to 
identify desired hybridoma cells that secrete antibody capable of binding either to ICAM-1 or to members of 
the CD18 family of molecules (either the alpha or beta subunit). «,„„„„„♦. 

Since such antibodies have the capacity to bind to ICAM-1 or its receptor, they (and their fragmente 
having antigen binding ability, such as Fab. F(abh. etc.) may be used to attenuate cellular adhesion and 
Z Wide an additional example of an agent which may be used in accordance wrth the present .nvention 

totr SindTcTted above, both polyclonal and monoclonal antibodies may be employed Mn accord ance with 
the present invention. Of special interest to the present invention are antibodies to KAM-1 (or thw 
,0 £ncLal derivatives), or to members of the CD18 family (or their functor,* I ^^^f™ 
produced in humans, or are "Humanized" (I.e. non-immunogenlc in a human) by recombmant otiw 
technology- Humanized antibodies may be produced, for example by replacing an ™™"<*° n,c P°*°" * 
S antibod'y with a corresponding, but non-immunogenic portion <l.e chimeric antibod.es) 
Z. international Patent Publication PCT/US86/02269; AkJra. K. et ah. European Patent A PP"^°"J^ 7 ' 
Sniouchi M., European Patent Application 171.496; Morrison. S.L et aL European Patent AppLcatoon 
SiW Neuberger M.S. et a... PCT Application WO 86/01533; Cabilly. S. et ah. European Patent 
ADolication 125.023; Better. M. et al., Science 240:1041-1043 (1988); Uu. A.Y. et ah. Proc. Natl. Acad. Sc.. 
Ssa M-3^39-3443 1987); Uu. AX* al., J. Immunol. 139:3521-3526 (1987); Sun. LK. et at. Prcc. Nati. 
Acad Sci USA 84:214-218 (1987): ^1^^-^. Cane. Res. 47:999-1005 (1987); Wood. C.R. et aL. 
— 4--446-449 (1985)): Shaw et al.. J. Natl.Cancer Inst. 80:1553-1559 (1988). 

Gin"e7al reviews of "humanized" chimeric antibodies are prowled by Mornson. S.L (Saence. 

??9-i 202-1 207 (1985)) and by Oi. V.T. et al., BioTechniques 4:214 (1986)). 

"humanized" antibodies ^ alternatively P 7oduced by COR or CEA substitution (Jones 
P.T. et ah. Nature 321:552-525 (1986); Verhoeyan et ah. Science 239:1534 (1988); Be.dler. C.B. at al.. J 
4S Immunol. 141:4053-4060 (1988)). , , . _„ . 

!2 S^e-anTasthma agents of the present invention may be obtained by natural processes (such as for 
example, by inducing an animal, plant, fungi, bacteria, etc.. to produce a non-immunoglobul.n antagonist of 
SS-1 or by inducing an animal to produce polyclonal antibodies capable of b.nd.ng to ICAM-1), by 
synthetic methods (such as. for example, by using the Merrifield method for synthesi z.ng P*P«**> s to 
50 synthesize ICAM-1. functional derivatives of ICAM-1, or protein antagomsts of ICAM-1 (either .m- 
munoglobulin or non-immunoglobulin)); by hybridoma technology (such as. for example, to produce 
monoclonal antibodies capable of binding to ICAM-1); or by recombinant technology (such as. for example. 
»o produce the anti-asthma agents of the present invention in diverse hosts (I.e.. yeast, bactena. fung, 
cultured mammalian cells, etc.). or from recombinant plasmids or viral vectors), or by proteolysis. The 
5S choice of which method to employ will depend upon factors such as convenience, des.red y.eld. etcjt .s 
Sot necessary to employ only one of the above-described methods, processes, or technolog.es to produce 
a particular anti-asthma agent the above-described processes, methods, and technolog.es may be com- 
bined in order to obtain a particular anti-asthma agent. 



35 



40 



8 



EP 0 387 701 A1 



20 



25 



Functional — of ICAM-1, or a ^ 
may be conven-ently prepared by ,n vrtro ^^'J^^l, £ orga nic derivatizing agent that is 
targeted amino acid residues of the punfied or crude P^ 9 " ^ J cova|ent derjvative s may 
capable of reacting with this aspect of 

be used to identify residues .mportant for b a ICAM .i. Such methods may also be 

the invention is described with reference to ^ ^7^ 001 8 famiiy of molecules, 
employed to produce function* ^^^ZT^Let*** (and corresponding amines), such 

Cysteinyl residues most commonly are reacted -wto • carb oxyamidomethyl derivatives, 

as chloroacetic acid or chloroacetam.de. 3^SXo«««tane: -*romo-/HWtnWo*oyl>- 

c ys teinyl residues also are denvatized by '^eTl^Zz^ disulfide, methyl 2-pyridyl 
propionic acid, chloroacetyl phosphate.^ 11^1^^ 

disulfide. P^"*""*"^ at P H 5.5-7.0 because this agent 

is re sx ^ **** a,so is usefu '' tbe 

OenvLaL with these agents n"*^^^^ piC ° Hnim ' date: 
^VpC^r,^ a.d: O-methylissure, ,4 pen- 

Carboxyl side groups (aspartyl or glutamyl) are ^Ld\\rnL or 1-ethyl-3 (4 azonia 4.4- 

r^^^^ - — to aspara9inyl - 

35 to a water-inso.uble support matrix or « Jj^ T^de Common^ used cross.in.dng 

derivatives fusion polypeptide to release Recover the eJJWP N _ hydroxysucci nirnlde esters, for 
agents include, e.g.. 1 .l-bis(diazoacet y lh2-phen y ieth a ne gluta Jjjjj^ * y disu ccinimidyl esters 
example, esters with 4-azidosa.icylic acid. ^*«^^2Ss^h as bis-N-maleimidc-1.8- 

«, such P as3.3^ithiobis(su« yield ph otoactivatable 

octane. Derivatizing agents such as 

intermediates that are capable of ^"J^SL and me reactive substrates de- 

rr-:^^r^ <w and ^ are 

employed for protein immobilization dea midated to the corresponding glutamyl and 

J^TISS^ -TamLed under m,ly acidic cond.ons. ENr form of 

seryi or theonyl residues, mediation of the groups ^Y*£^ nn ^ Sa „ Francisco , pp . 79 - 

trl Creighton. Proteins: Structure and r^jlecuie *2*S±™ * amidation 0 , the C-termina. 

86 (1983)), acetylatiSrTof the N-term.nal am.ne. and, in some .nstances. 

carboxyl groups. ■„„ ^mri amino acid sequences can also be prepared by 

Functional derivatives of ICAM-1 hav,ng altere ^ ? CAM _, g9ne is shown in Rgure 1. 

mutations in the DNA. The nucleotide -^J-J-J ^s or substitutes of. residues within the 
Such vanants inctude. for example, delations from o ' nsert10 ^ ° .^ on , and substitution may also 
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J5 



20 



mRNA structure (see EP Patent Application Publicatt in I ^ ^ directed mutagenesis of 

employed to obtain single-stranded ONA. performed by first obtaining a single- 

40 vector is then used to transform appropnate cells, such as JM101 cells, ana ™» 

appropriate voctor lor proteir. product!*.. aenaraOy an aprnaon vector ol ft. W. M Mr »• eW»oy 

recombinant hosts. amino acid residue in the ICAM- 

The third group of functional derivatives are those in which at least one am.no acic ir 

finely the characteristics of the ICAM-1 molecule. 
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TABLE 1 



Original 


exemplary 


Residue 


Substrtuuons 


Ala 


gly; ser 


Am 


lys 


Asn 


gin; his 


MSP 


alu 


Civs 


ser 


Gin 


asn 


GIu 


asp 


oiy 


ala; pro 


Uic 

nis 


asn; gin 


lie 


leu; val 


Leu 


ile;vai 


Lys 


arg;gln;glu 


Met 


leu; tyr, lie 


Phe 


met; leu; tyr 


Ser 


thr 


Thr 


ser 


Trp 


tyr 


Tyr 


trp; phe 


Vai 


lie; leu 



, esS conser/ative than those in Table 1. I.e.. ^"""^J'i,. of me substitution, for example, as a 
SnSning (a) the structure of M J^S^S mo.ecu.e at the target site, or (cjje 

Theet or helical conformation, (b) the charge or ^J** 1 * ° d to ^ in which (a) glycine and/or 
STo the side chain. The substitutions that ,n general hydrophilic re sidue, e.g.. sery. or 

p le is substituted by another amino aad or ■«. J^"^*^ isLucyi. pheny.aiany.. vaiyl, or 
mlny., is substituted for (or by) a ^ob,c esdue. £ * (d) a residue havmg an 

alanyl; (0 a cysteine residue n subst.tuted for or J' ^ ^ (or by) a residue hav.ng an 

SUsitive side chain, e.g ^TJU^W »^ ^ 3 *** ^ e - 9 " 

character of the functional derivative, such as aftnrty for a g, ^ 
*pe immunoassay. Changes in '^unomo^on bio|ogical naiwife , hydr ophob,aty 

C Adm.n.stration of the Compositions o, tne Present .nvent.on 
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TO 



!5 



20 



25 



00 



infusion, or by single or multiple boluses djscussed agents can be augmented through the use 

Th. -todies « P^n, — , «, d «. .CAM^ mote* ^ ^ ^ ^ 

{ ^ZTJ^^^^^^ •"• * m ^ * - 00,8 

family in the treatment of asthma. . m . . rMf caDab|e o{ bindin g to ICAM-1 or to a 

ln providing a patient with anybodies. « o^ n^mbe?7f the CD18 £ntfy (or a fragment 

member of the CD18 family, or when ^""J^ 1 ^^^^ agent J vary depending 
variant, or derivative thereof) to a "^jf^^^J^^^ condition, previous medicai 
upon such factors as the pat.enf s age. we.ght. he.ght sex J™* ™> of agent which is in the range 
history, etc. >n genera., it is des.rab. • » Jwer or higher dosage may be 

of from about 1 pg/kg to 10 ^J^^^^J^T usin g combinations of the above- 
administered. The therapeutically effectve dose m* "jjjj* by ^9 ^ m ^ 

described agents (such as. for JateZ additionally administered with a second 

arno r S 3crto le a Ln or attenuates or ,n 

iine). beta-adrenergic agonists (such as «techo.am,nes. ^^^JShS anticholinergics (such as 

The prophylactic administration of the agent(s) serves to prevent or "^J^ onset o, a 

^ponse When provided therapeutically, the agent(s are S2^ (< L^2S«2 any actua. 
sy ,Stom of asthma. The therapeutic admin,str aton of me ^W^W^^J^ - ^^ to ^ l^., 

— r^r^ — - — - - 

<s results in a detectable change in the physiology of a J^P^rd, to ^ metn0 d S to prepare 
The agents of the present .nverton can *™™ deriva tives. are combined 

pharmaceutically useful compositions, whereby these "™^£^J^ lcto , and their formulation. 
"„ admixture with a pharmaceubcally acceptable came ^^' Cl J/^J ed for example, in Remington's 
inclU sive of other human proteins, e*.. £ a ph«rn£«* 

Pharmaceutical Sciences (16th ed Osol. A Ed M ^ n ^ P ^^ smns will contain an effective 

SS^SST^ — — - 3 suitab,e 

^r;— c- methods may be employed ^^^J^SS^ 
preparations may be achieved through the ^ Z£S » -'acting appropriate 

ICAM-1, or their functional derivatwes^ The ^^/^dTSS Pyrro.idone ethylenevinylacetate. 
macromo.ecu.es (for example polyesters, P°']^ in ° ^.^^ 
methylcellulose, carboxymethylcellulose, or protam.ne. sulfate) and the concentrate 
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well as *e — s of incorpor.on In order **** ^^T^ltX ?E£ 
duration of action by «^^J n S^^^J^^ material such as polyesters 
macules, or their Actional denv^ .nto P^ 

polyamino acids, hydrogels. poly(tacte ac.d) ' J 1 "^, to entrap tnese materials in microcapsules 
derating these agents into P^fT^^ ^ ^aciai polymerization, for exampie. hydrox- 

<r - disc,osed in Remin9ton " 5 

cal Sciences (1980). . ^„ to m0 re readily understood through 

Having now generally described *e ,n ention ; *° ^ ^ ^ ^ jntended to * 

reference to the following examples wh.ch are provided by way 
limiting of the present invention, unless specified. 



'5 EXAMPLE 1 



MJtiG EOSINOPHIL ADHESION REACTIONS DEPEND ON C01t AND 1CAM-1 CELL AOHESION MOLECULES 

,„ ^ to «— » - ■ - tsrr;r sr.ir.rss: 
- ii'vrvsr: err rr.^ » ■ — - - 

eosinophil peroxidase (EPO). ^ ttom of untreated wells or of wells i coated 

The eosinophils spontaneously adhered and spread on ,in ^aris-immune monkey). In 

with immune complexes (made from t^%?^^Z2*. includi^ovine serum albumia 
contrast, eosinophils did not adhere well to "21^^ tested. Platelet Activating Factor (PAF) 
SI monkey serum, or Ascaris «^%£Z?*£^ protected wells (Figure 3V 

^roTc«^ 

^^^^^ =ss ss£~» - — — 

» -SST * — comP^oated^ 

nrotein-coated wells. . . ps n o no/ml) and fixed with giutaraldehyde 

'""A hesion of eosinophils to -"^^SJSTlii £p * * d ^ bed by ^ &W " - " 

was also tested. Human umbilical ve.n endothelial cells ^ n b refefe nce). Adhesion of 

n Clin invest. 82:1746 (1988) which reference « "J" lnhibi ted by mAbs 
SsSils^dUced by PAF (10-U, to ^J^"^ a d n^n Sibited'by anti-HU-A (Hgure 

-^^^ 

''Tsummar, primate lung -ino^™^^ 
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EXAMPLE 2 



ROLE OF ICAM-1 IN EOSINOPHIL INFILTRATION 



■n order to demonstrate that ICAM-1 contributed to the eosinophil infiltration, a.rway epithelium 
. '^° r fL and increased airway responsiveness that characterize the airway Inflammation underly.ng 
tTefTeS oZLc^ antibodies reactive with ICAM-1 on asthma in was 
St/d ^Specifically (a) the contribution of ICAM-1 to eosinophil adhesion to vascular endothelium in 
Son of ' CAM-1 on airway epithelium in vitro and in vivo as well as on bronch.al vascuter 
Sthe iurn in vCand (c) the contributio^ of BAM-lTbTS eosinWi^on and increase in a,rway 
r^nonsiveners induced by multiple inhalations of antigen in vivo were .nvestigated. 

'SmateTung eosinophils were stimulated wHh plateleVactiviting factor (PAF. 10"'M) and [ 'abated m 
Pnmate «ung H stimulated cultured human umbit.cal vem endothelial 

^^S^SX^ adheW, Eosinophils were obtained by 
* «** male cvnomolgus monkeys (Macaca fascicularis) with airway eosmophilta. purified 
^lhSc a r>9 5 Tp^ a Percoll c6F=s dSSFgndtont (Riding. GA et aL. J, Immunol 
(morph^og ca y 95 p J tissue cul(ure plates (5 x 1Q r cells/W ell). 

Iteilbatn at 37" C. the non-adherent cells were removed by an automat* P U* .washer. 
SlrenVceils were quantitated visually and by a colorimetric assay for eosmoph,! peroxriase U EPO (&r*h 
T«T J Immunol Meth. 83:209 (1985)). Human umbiiical vein endothelial cells were .solated^ Stored to 
a cSfenT SSa5 well! stimulated for 4 hours with LPS and finai.y fixed in 1% 
?Smi!i C W. et al! J. Clin. Invest 82:1746 (1988)). Immune complex wells were made by coating wrth 
^vtrartfoiiSwed bv serum from an Ascarts- sensitive monkey. o .... nRl/1 

^Shesion was found to be significanti^^ by the anti-ICAM-1 mOTOC, ^^ body ft ^ 
(RothJnB e ri, J Immunol. 137:1270 (1986); Marlin. S.D. et aL. Cell 61*13 J«f»<Jg 
22£l *a StTHLA clisTT-coTtTol monoclonal antibody W6/32, which also binds toHUVECs (Smith. 
C W et al J. Clin. Invest. 82:1746 (1988)). did not inhibit eosinophil adherence (Figure 

A?he7eiie-oT pTifn*; TUhg eosinophils to immune complex coated plastic was not .nhtbrted by RR1/1 
lF SZ TdemonS n e g £ specificity of the inhibition of adherence to endothelium. TtajMMufti 
Sato that ICAM-1 is important for eosinophl. adhesion to endothelium and thus may contnbute to 

"T^^^ZSSZ^o tissue, leukocyte adhesion Is a prerequisite tor cytotoxfc 
tiss SST nl?on 9 of^dhesion of effector to target celis has been report* to 

S orZtocyte mediated killing in vitro and allograft rejection in yivo (Martz. E. et aL. J. ^munol. 13|2972 

^IStsA^Rothlein R. et a... J. Immunol. 141:1665 (1988)) and the anti-.CAM-1 monoctonal 
♦i^^^^S^rcv^eTiCT^rl^k 82:1746 (1988)) it was found that 16 hour 

wT interle^l^ ~«* "** ^ ^\ "J 

SST^?^ W enhanced .CAM-1 expression on a mono.ayer of cultured 

cyto^nes on induction of ICAM-1 on h^jlj 
ce.lsTvl ™e rhesus monkey bronchus epithelial cell line 4MBr-5 (obtamed from Amencan Type 
clrFdSLion) was cultured to a confluent monolayer and then stimulated for 16 
o?Kg ELISA assays for ICAM-1 [monoclonal antibodies RR1/1 (Rothlem. P.. et al.. i j™^^ 

duplicate cultures and is representative of four individual experiments. 
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TABLE 2 



TO 



T5 



20 



25 



30 



35 



Stimulus 



none 
IL-ib 



TNFa 



IFNg 



Concentration 



0.01 units/ml 
1 unit /ml 
1 0 units/ml 
1 unit /ml 
10 units/ml 
100 units/ml 
1000 units/ml 

0.01 units/ml 

1 unit /ml 
10 units/ml 
100 units/ml 



Optical Density Units 


RR1/1 


R6.5 


R3.1 


(ant) -lWMVi- i } 


(anti-ICAM-1) 


(anti-LFA-la) 


92 


206 


1*7 

-<£/ 


130 


253 


-33 


166 


253 


on 
•ot 


149 


322 


-37 


100 


236 


-30 


131 


266 


-29 


159 


346 


-31 


178 


416 


-36 


138 


276 


-16 


263 


423 


-17 


413 


673 


-26 


576 


940 


-27 



me «me course of enhanced ^ 0~ * £?£S£S£ ^STS 

reported for HUVECs in vitro (Sm.th. C.W et aL J. Ch^ | As expected, the anti- 

Jatinocytes in vivo (WinUin OL« ^^PS^Sm <«*» dW "« ™ t0 

UFA-1 alpha monoclonal antibody ^^A'SmSS suggest that ICAM-1 could 

unstimulated or stimulated "P^jJ^lSonol airway epithelium in vivo, 

contribute to leukocyte (e.g., ^^r^^^^ bronchial epitheTaTcSlls in vitro. The 
Table 3 shows the time course for the mdurt on oHCAM^ o ^-.^ ^ 

rhesus monkey bronchus epitheha. ce. ^ ^V^^J^ periods with IL-1b (10 ng/ml) or iFNg 
cultured to a confluent monolayer and hen * an ^ t ^^^^ R6 . 5 (S mith, C.W. et al., J. Clin, 
no units/ml). An ELISA assay for ICAM-1 express.on ^onoc^al antibody m i , mmun -j,- 41:166S 
ELt 82:1746 (1988))] was performed as P^jJ^J ^^^^0=^** 

TABLE 3 



40 



45 



Stimulation Time (hours) 


Stimulus 


IL-1b 


IFNg 


0 


215 


215 


2 


240 


250 


4 


296 


349 


8 


364 


349 


16 


417 


828 


24 


369 


812 


48 


472 


672 



50 



EXAMPLE 3 



55 



CONTRIBUTION OF ICAM-1 TO DESQAMATION IN VIVO 
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To further investigate the ability of ICAM-1 to contribute to eosinophil-mediated desquamation of airway 
epithelium in vivo, immunohistochemical staining was conducted to determine If multiple inhalations of 
antiaen induce ICAM-1 expression on airway epithelium in vivo. 

Tissues were stained using a modification of a previously described protocol (Wantztn, G.L. et A. J. 
Am Acad Dermatol. 20:782 (1989)). Briefly, tissue specimens were removed and frozen in liquid nitrogen. 
AlSr^-iiHio7iHg.-5-10 micron sections were fixed in acetone for 10 minutes and either stained 
immediately or stored at-20*C Staining was performed using the Biotein-Strept Avidin System kit 
aTording to manufactures protocols (BioGenex. CA). Primarily antibody was incubated wrth tissue as 
Suted culture supernatants (RPMI 1640 medium with 10% FBS) for one hour at ^ J"*"*"; 
Blocking for non-specific protein binding was accomplished by applying normal goat serum. AEC (3-amino- 
9«rbazo,e) was used as a substrate and the sections were countermined with Mayer's Hematoxylin 
Intense staining for ICAM-1 was found on both the epithelium (basilateral portion only) and on the 
vascular endothelium of a trachea section taken from an Ascaris antigen sensitive monkey twenty minutes 
after the third of three alternate day Ascaris inhalations. Staining for LFA-1 alpha (Anderson D.C.* ah. J. 
,s |7 Dis 152:668 (1985); AndersonTflcT et al.. Ann. Rev. Med. 38:175 (1987); • f" * % 
T^55fX5noBL Clinics N. Amer 2:13 (IBBBffttf noton ""J*' J^S 

infiltration in Th e^rsTtiulrnhat appeared to be most marked just below the epithelial b^ernent 
membrane In addition leukocytes were notable between epithelial cells pnmanly at the basilateral portion d 
the epithelium where ICAM-1 staining was most pronounced. Little or no nonspecific staining wasj observed 
20 using mouse serum. Staining (using ICAM-1, LFA-1 alpha and mouse serum) in a trachea seclon taken 
from an Ascaris-sensitive monkey twenty minutes after a single inhalation of Ascaris. revealed, as expected 
based onlhelrne required for its expression (see Table 3 and references Wantzin. G.L. et al., J. Am. Acad. 
0^0^ 20:782 (1989); Smith. C.W. et al.. J. Clin. Invest 82:1746 (1988). which references are 
SrpSeTherein by reference), little o7 no" .CAMTltaWwas found on the epithelium or vascular 
2s endothelium in this section. a . . 

In addition, although pockets of leukocyte infiltration were found, leukocytes were not accumulated |ust 
below the epithelial baseline membrane and were not found between epithelial cells. Thus tal» 
mu^histochemical staining results further suggest an ICAM-1 dependent eosinor^l-eplthelial cell Inter- 
action may contribute to the desquamation of airway epithelium found in asthmatics. 
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EXAMPLE 4 



IN VIVO EFFECT OF ICAM-1 ON ASTHMA 



Having demonstrated a potential role for ICAM-1 in the pathogenesis of airway hyperresponsiveness 

« and asthma using the in vitro and immunohistochemical protocols described above the in ^ e « 9C L 0 ' 
anti-ICAM-1 antibodies was"¥vestigated. For these studies, an asthma animal model was employed^ The 
model may be used with any mammal, but it is most preferable to employ primates in the model. To induce 
an asthmatic episode, inhalations of antigen were provided to a monkey on three alternate days l This 
reqimen induced a consistent (usually greater than 8 told) increase in airway responsiveness to inhaled 

« ml hihle in monkeys (Wegner. CD. et aL. Am. Rev. Respir. Dis, 138*324 CW^ 1 *"™"" 
incorporated herein by reference). This Tncrease in airway responsiveness is preceded by an Intense 
eosinophil infiltration and is similar in magnitude to that induced in asthmatics during the pollen season 
Soulet L-P et al.. J. Allergy Clin. Immunol. 71:399 (1983); Sotomayor. H. et aL. Am. Rev. 5«pfc 2"; 
30-56'd984)F 67 on d5SrSid~Spo8ure to occupational allergens (Chan-Yeung. M. et aL. Am. J. Med. 

so 7F411 (1982): Lam. S. et al.. J. Allergy Clin. Immunol. 72:134 (1983); Lam. S. et aL. J. *gy * 
Immunol. 6358 (1979)). 1H 8eu "of Tn¥55*5Bne. histamine or other similar componds and methachol.ne 

eauivaients can be employed. ^ ... 

Using this animal model, the effect of the anti-ICAM-1 monoclonal antibody R6.5 on eosinophil 
infiltration and the induction of airway hyperresponsiveness in vivo was investigated. 

« In accordance with the model, airway cell composition and airway responsiveness were determined 
three days prior to (Day 0) and three days after (Day 10) three alternate day (Day 3, 5 and 7) inhalations of 
antigen (Wegner. CD. et al.. Am. Rev. Respir. DIs. 139*324 (1989)). Airway cell composite was 
measured by bronchoalvioiaT la^elTALrATrwaTTesponsiveness was measured by determining the 
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tance R6.5 was administered intravenously at 1.76 mg/kg daily on iy 

were compared to bracketing control studies J**^^^ „ five animals studies (Figure 7A). 

R6 .5 (anti-ICAM-1) treatment attenuated the eo mopN ' nf » , jne pc , oo) was als0 inhibited In all 
The increase in airway responsiveness (decrease in nhata * m ^~ e ^ respon3rV eness not 
Z animals, markedly in .our (Figure 7B) ^.^^^^%Lhoi. PC. increased) 

tracheal vascular endothelium £ vjvo, that ICAM-1 ^gen-induced eosinophil 

lium i„ vitro, and that an ™^\™™^* ^^^^^^ airway epithelium In 
infiKraloTTm vivo. Furthermore. ICAM-1 express,™ ^^^J^ ,„ ^ indicating that ICAM-1 may 
vrtr0 and sllertively induced on monoclonal antibody was avble to 

^tribute to airway epithelium *jEe inhalations of antigen in monkeys, 

innibitthe *^^^^^T^^ the pathogenesis of airway hyperrespon- 
These results ind.cate that ICAM-1 plays a , pwow i n> progression of other diseases 

siveness and asthma ICAM-1 smularly m ^l^ s ChyTema idiopathic pulmonary fibrosis, 
characterized by airway Inflammation [e.g.. ^"'^^^i, QA et al.. Am. Rev, Respir. Dto. 
, etc. (Guenter. OA. et .L, Am. ^ £^2± «g» £ «>■ R g Hunninlhlke.Wf aL. A^ Rev, 
12 9:850 (1984); Hunninghake. G.W. et £ ^g^g ^ J sitization / destruction [e.g.. rhinitis. 
Riioir Ois. 123:407 (1981))] or eosinophil infiltration and tissue > se 7g) ^,,3,,^, M.F. 

nlsf 1 *^^ 81:39 (1983); 

et al.. X Allergy CHn. Immunol ™X Vm. ^" C XF.^ iT.. irTATchTA^ appj. I^ru^ 
rei^ma7>.10r-et aL N. Engl. J. Med. 313J282 W*^ c ' ^ ^oTr^yTTSmployed In the 
77:252 (1985))]. Thus, agents wh,ch prevent or ^T 1 "*^^ to ^ ^ma. 
friatment of these diseases in the same manner as they may be used to r 
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. u , B1-BK4 a72 H986) Marsh, W.R. et al., Arr^ Re^ Respir. 
ln animals (Lanes. S. et al.. J. AppL ^J£^ ™JZ m*W Clin. Immunol. 70ll7(H77 (1982). 
Dis. 131:875-879 (1985)) as we. as in man Carter.^ e^aL , ± A_o| _ ___ an ^ mi|d 

C^dSoft D.W. et al. CM Allergy, l^^^'J^Z ex p 0S ures. such as those that occur in man 
<« ,o.d) increase in airway responsivene^ ; Reputed aH g n exp^ ^ H. et 

during the pollen seasor , (Be wto . L£ *£. £ **fflL— 53351^* (C han-Yeung. M. et aL Amer, J. 
al.. Amer. Rev. Respir. Dis, 130.56-58 < 984 » 0 ,n * f , 72: 134-139 (1983), Lam. S et aL. J. 

sssssns. ; AfiiS 1 ^™- — - ,o •* * - 

airway responsiveness. 1Q fo)d incre ase in airway responsive- 

JXZZZSXSZi: SSTft!" — — - » — — — 
w 75?. «. *»«, » -« -» - StS^K.'SS 

IrMMon. on al-wa, wMW » '"^^SW TsotorWor. H. al al.. Anw. 
«*n (Marsh. W.R. « aL AJ^ S£i 2Sg ^(X. OTym.. PM. CBffWSTS: 

S^WS** "" "-S 6 r, 9 a 5 TwJoSxriTarA5S-r. Rest* 



17 



EP 0 387 701 A1 



10 



IS 



20 



25 



««« »- ». ^rr^^^" ^^^^ 

presentation of results. „.n™Khn»nass occurs three to twenty-four hours post 

In asthmatics, the peak increase in airway responses ™» ^ D.W. et al.. 

^elgnliveness was measured twenty hours after ■ *. , o = 

However, to avoid anesthetizing each an.mal or a fourth t,m^ , mm « responsiveness 
ness was not measured twenty hours a «""^ inflamm * 

— Ai^riTsuum extract (Greer ^J"^ * fj 5 ^ ™™0 5% (PBS), compressed air nebutaed 
axwcHSS diluted in phosphate buffered 5mM pH7 .4) saH ne (0. 5%M IP Mark 
(Bird Micronebulizer. mode. 8158) and adm,n,stered by f ^ "^^^ minutes. For each animal, the 
7A Respiator) consisting of 30 inhalations to ^^ m J^^^SSi 150 to 300% acute 

™ner except that ^ Hz jn „ ^ 

. ^^^^ 

increasing concentrations of ™* ac * e then calcuiated by 

i'SS^^to^S ^thm methacholine concents ve^s 

choscope (Olympus Corporation model BF-3C4) was ; gwdefl P g mM) saline 

fifth to seventh generation bronchus. A «ng le 15 ml al.quot of b^arbonate ou t ^ ^ 

(pH 7.4) was then infused and gently asp.rated (return volume grange iwom i / w 1 « 
Se bronchoscope. Total leukocytes/ml 

A p value of > 0.05 was considered not significant 1Q . 15 
. P The singte inhalation of antigen caused an " TbS^M x 10'/ml of BAL. p > X? = 

minutes post challenge, an increase in airway leukoc es 267 - ^ 694 1 z (n ^ (R ^ 

0.Q 18 ) and a decrease in methadone PC.oc in 3 an- * a)| ^ (Rgur9 8B) , 
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10 



the infiltration of any leukocyte subtype (Table _4) 38O ± 83% and 331 * 

- The multiple inhalations of anbgen caused acute njeases n J rs^ ^ ^ > ^ = 

63%. respectively), and increase ,n , arway £ ocyte (209 « £ fl ^ ^ ^ ^ 

0.0088) and a decrease in methachol.nel PC, 00 m al I 7 amma mafked infi|tration 

severe 0 80 Md) in three (Rgure ^^J^^TT^^^i * 7.5 x 103AM of BAL, p > 
of eosinophils (Rgure 9B) and slight infiltration oi ™ Uo ^J™-™™; „ 79 * 36 to 209 1 40 x 103/ml 
* - O.ofo,. mere was no significant Mfrrton - •»» -crease in airway 

of BAL) or lymphocytes (3.0 * V2 to 3.0 * ^^^^Zlosl^ infiltration or with the 

sss= : ~ r^x^ed by » e ^ - 

(Table 5). 

TABLE 4 



35 



15 


rnMPARlSON OF CHANGE IN METHACHOUNE PCtoo TO THE 
B RON CHC^ONSTPUCTK)N AND UBK*™ «™K>N INDUCED BY A 
SINGLE INHALATION OF ANTIGEN* 




Animal 


Change in 
Log. PC100 


Increase in 
Rrs(%) 


Leukocyte Infiltration (xKP/ml BAL) 


20 






Eosln. 


Neut. 


Mac/Mono. 


Lympho. 


25 
30 


a 
b 
c 
d 
e 
f 
9 

Mean 
S.E. 


-1.02 
-0.95 
-0.75 
0.16 
0.21 
0.24 
0.36 
-0.25 
±0.24 


494 
278 
181 
244 
525 
66 
360 
307 
±63 


23 
266 
668 
242 

38 
124 
221 
226 
±82 


297 
-33 

87 
6 

-6 

-2 
178 

76 
±46 


105 

421 

104 

253 

-73 

-78 

264 

142 

±69 


3.3 
20.5 

2.7 
18.6 
-1.6 
-3.0 
-0.4. 

5.8 
±3.7 



Definition of abbrevations: Log. - iuyonu.... — ~ ■ — ■ , 

Neut - neutrophils; MacVMono. - macrophages/monocytes; Lympho. - 
lymphocytes. 



• No significant correlations were found. 
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TABLE 5 



COMPARISON OF CHANGE IN METHACHOUNE PC 10 0 TO EOSINOPHIL INFILTRATION 
INDUCED BY MULTIPLE INHALATIONS OF ANTIGEN TO THE CHANGE IN METHACHOUNE 
PC 100 INDUCED BY A SINGLE INHALATION OF ANTIGEN * 

~ 

Multiple Inhalations of Antigen Single Inhalation of Ag. 

Change in Log. Eosin. Infiltration Change in Log. 

Animal PC™ WftM BAU PC 100 



d 


-2.66 


144 


0.16 


b 


-2.13 


352 


-0.95 


• e 


-1.96 


409 


0.21 


a 


-1.07 


135 


-1.02 


g 


-0.97 


174 


0.36 


c 


-0.43 


206 


-0.75 


f 


-0.27 


109 


0.24 


Mean 


-1.36 


218 


-0.25 


S.E. 


10.34 


±44 


±0.24 



andean. 

* No significant correlations w«ro found. 

These experiments demonstrate that non-specific airway hyper-responsiveness, as assessed clinically 

feature ^^^^^.^J^ 5^cT^iinTs underlying the pathogenesis of airway 

SjgSS?£ i res! from many studies suggest that ^""^J* 
hyperresponsive w ^ ^ Amef ^8. 131:875^879 (1985). 

^SxS^UoT^ P.M.-ChestW75^7 (1986). Demonc^ *J 
S Rev RiipiF.-DiiTf3ll373.376 (1985), Wardlaw. AJ. et £ Amer, Rev, Respjr D* 137.62-69 W 
SeT^roTChist 89:477-483 (1986)) and/or mediators released by 

y ' . 7- -7- A rrpph^ini fii-864-872 (1986), Lazarus, S., Amer. J. Med. 81.2-7 (135b) uoyme, 
K^estW Rev - Res P ™.l37^-69(1988). Ai^wa H. et 

a, J ^P^o..^:i91^^1985). Q-ByrnE E^ ^SgCa^ -Ma (1984). Schuiman. 

^SSTJ'S.^SSi acute neutrophil and more chronic eosinophi. *rway = «on 

(Wegl 2-a et a... Amer. Rev. Respir. Ois. 135:A221 (1987)). A chronic idiopathic mjTc7 «7 
(wegner o.u . -g— gr-^g-^-go fold) airway hyperresponsiveness (Wegner. CD. et ah. 

W Rev" ResS. STSE^oS) «U* (foir weekly) intratracheal inflations of ^gen^ 
fSS-biiTrfoTJnd-to-induce marked increases in airway eosinophils and responsiveness <> 8 fold) 
S^ RH et al Amer Rev. Respir. Dis. (1989)). The experiments presented above prov.de a 

extract on airways responsiveness and leukocyte composition in "allergic monkeys. 

T^e singTe lhaiaton of antigen resulted in an acute bronchoconstriction and. as ^asured 20 hou s 
later ^ nXation of leukocytes (primarily and most consistently eosinophils) as we as an .ncrease m 
S^5*« C*«i. h '"haled methacho.ine PC,..) in 3 of 7 ammals that was moderate 08 
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is 



told) in two. These ejects, as well as the ^^^^^^^ 

ma n. That is. in '^T^GR ^^"SI rSSL 131373^6 (1985)) and an increase 

leukocyte infiltration (DeMonchy. J.Q.R. et aL, t^^^^^^r^^ a. et al.. J. Allergy On. 

(usually mild. <8 fold) in airway responsiveness in some nd,v,au ™= <£7 ' . 

SI 70:; 7 C-177 (1962). Cockcroft DM - & gjg ^^Z^** the last change. 
-l^ntTast me rouble -J^'^^^J^ fold) in two and sever 

an increase in airway responsiveness n all seven m °™ e * s Dufj tne ponen season. 

O80 fold) in three. These effects are also cons.sten ^^^J^ in „, individuals, although to 
me airway responsiveness of allergic asthrnat.es ^ (ig83)i sotomayor. H. et aL. 

Immunol. 63:28-34 (1979)). antinnn Dro tocols the magnitude/direction of change in 

— ifTbom-the single and multipte °^ £ ieukocyte infiltration. This finding 

airway responsiveness did n ^ c °"f Vr!Zouof^ 

emphasizes the leukocyte hmr*on alone is no enoug H»* *° Qf me<jiators release d by 

rfiWrSSrt^ -en »e in fi *a,ng - -dent 
cells (e.g.. eosinophil and airway epithelium) are >£°«%^ multWp|e (but not si „g,e) inhalations of 
,„ summary, as has been P™«J^^ * monkeys. These findings 

ssss: srsEK ir js= i - w agents - . ^ 

f ° r Cr«he invent has been , 

understood that it is capable of further ^^^^.^S, of the invention and including such 
uses, or adaptations of the inven on Mm" ■JJ^TSSiy practice within the art to which 
SS^K - " S=r.m°— before set for. as foHows In 



30 the scope of the appended claims. 
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Claims 

1 The use of an agent selected from 

(c) ICAM-1 . being substantially free of natural contaminants; 

(d) a functional derivative of ICAM-1 ; glycoproteins; 

S» -^-n * — - - CD18 ^ 

iYSSJl the CD18 family of glycoproteins, being substantially free of natural contaminants: and 
S a ^nrtiotal derivative of a member of the CD18 family of OlycoptototBL 

,0. The method of claim 1 wherein said agent is ^d ^booy U«P e Qf bjnding 

^ CD18 family of glycoproteins; or a fragment of sa,d antibody (e). said fragment 
to a member of the CD18 family of glycoproteins. 
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to 

I 



16 



„ ^ me thod o» d*n 10 wherein said an«b*y (e) , ab,e to bind to an aipba subunit of s*d 

^itSM?SrS. an ti body (e) is abie to bind to a beta subunit of s*d member 

°* ^ ^*SZT£«* - agent is a member o* the C018 tami.y o» glycoprotein*, being 

T!E Sm^d^nSin said member of the CD18 fami.y of g.ycoproteins contains «, 

S iTSTcoi. fami, of glycoproteins cont*ns a be* 

subunit of a member of the CD18 family of {amj , of glycopro teins is a heterodimer 

16 . The method of claim 13 wherein * J^lTiiily of glycoproteins. 

family of glycoproteins. _ Mhlo nf theraoeutic potential in the treatment of asthma which 

jx™--rr„rn e rrrrr — — -— - - 

measured with methacholine or histamine. 
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Description 

The present invention relates to the use of intercellular adhesion molecules such as ICAM-1 In*, lament 



A. Cellular Adhesion 
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Teukocyte surface mo.ecu.es involved in mediating such attachments have been ><f 
Itsu^islr^^ 

?H7 (1985)). Molecules such as those of LFA-1 family. wh.ch are involved .n the process of cellular adhesion 
sJe^lrsofe^^ 

-wmmm 

ponses, chronic and recurring infections, as well as other clinical symptoms. 
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B. Asthma: Clinical Characteristics 

Asthma is a heterogeneous family of diseases. It is characterized by a hyper-responsiveness of the 
tracheobronchi to stimuli (McFadden, E.R. et_aL, In: Harrison's Principles of Internal Medicine, 10th Ed., 
Petersdorf, R.G. etaj., Eds., McGraw-Hill, NY (1983), pages 1512-1519); Kay, A.B.. Allergy and Inflammation, 
Academic Press, NY (1987); which references are incorporated herein by reference). Clinically, asthma is manh 
fested by the extensive narrowing of the tracheobronchi, by thick tenacious secretions, by paroxysms of 
dyspnea, cough, and wheezing. Although the relative contribution of each of these conditions is unknown, the 
net result is an increase in airway resistance, hyperinflation of the lungs and thorax, abnormal distribution of 
ventilation and pulmonary Wood flow. The disease is manifested in episodic periods of acute sypmtoms 
interspersed between symptom-free periods. The acute episodes result in hypoxia, and can be fatal. Approxim- 
ately 3% of the general world population suffers from the disease. 

Two types of asthma have been described: allergic asthma and idiosyncratic asthma. Allergic asthma rs 
usually associated with a heritable allergic disease, such as rhinitis, urticaria, eczema, etc. The condition is 
characterized by positive wheal-and-flare reactions to intradermal injections of airborne antigens (such as pol- 
len environmental or occupational pollutants, etc.), and increased serum levels of IgE. The development of 
allergic asthma appears to be causally related to the presence of IgE antibodies in many patients. Asthma 
patients who do not exhibit the above-described characteristics are considered to have idiosyncratic asthma. 

Allegic asthma is believed to be dependent upon an IgE response controlled by T and B lymphocytes and 
activated by the interaction of airborne antigen with mast cell-bound pre-formed IgE molecules. The antigenic 
encounter must have occurred at concentrations sufficient to lead to IgE production for a prolonged period of 
time in order to sensitize an individual. Once sensitized, an asthma patient may exhibit symptoms in response 
to extremely low levels of antigen. 

Asthma symptoms may be exacerbated by the presence and level of the triggering antigen, environmental 
factors, occupational factors, physical exertion, and emotional stress. 

Asthma may be treated with methyixanthines (such as theophylline), beta-adrenergic agonists (such as 
catecholamines, resorcinols, saligenins, and ephedrine), glucocorticoids (such as hydrocortisone), inhibitors 
of mast cell degranulation (i.e. chromones such as cromolyn sodium) and anticholinergics (such as atropine). 

30 C. Asthma: Immunological Characteristics 

Asthma is believed to involve an influx of eosinophils ("eosinophil ia") into the tissues of the lung (Frigas, 
E et al J. Allerov Clin. Immunol. 77:527-537 (1986), which reference is incorporated herein by reference). 
EosWhils contain an arginine-rich, strongly basic protein which has been termed "MBP" (Gleich. G.J. etaL. 
35 J Exoer. Med 137 :1459 (1973)). MBP comprises more than 50% of the granule protein of the eosinophil. 

MBP was found to be toxic to normal mammalian cells, and to be expressed at toxic levels in tissues 
evidencing eosinophlia, such as the lung tissue of asthma patients (Gleich. G.J. etaL. J. Immunol. 123 :2925 
(1975) The linkage between MBP expression and asthma was strengthened by the discovery that the MBP 
levels found in the sputum of asthma patients was elevated relative to normal individuals (Frigas, E. etah, May£ 
gin. Proc._ 56:345 (1981)). Since the discovery of MBP, other cytotoxic eosinophil proteins have been Identified 

(Frigas. E. etaL, J. Allerov Clin. Immunol. 77:527-537 (1986)). 

Insight into the immunological basis of asthma has been gained from the above-described studies, from 
bronchoalveolar lavage studies (Godard, P. m «i J. Allerov Clin. Immunol. 70:88 (1982)), and studies of res- 
piratory smooth muscle denuded of epithelium (Flavahan, N A etaL. J. Appl. Physiol. 58:834 (1985); Barnes, 
P j et al Br J Pharmacol. 86:685 (1985)). Although these studies have not led to the elucidation of the 
mechaT^m underlying the immunology of asthma, they have led to the development of a generally accepted 
hypothesis concerning the immunological etiology of the disease (see, Frigas, E. etaL, J. AllerqyClin. Immunol. 
77:527-537(1986)). . 
~~ The hallmarks of the pathology of asthma are a massive infiltration of the lung parenchyma by eosinophils 
and the destruction of mucociliary capacity. The "eosinophil hypothesis" suggests that eosinophils are attracted 
to the bronchus in order to neutralize harmful mediators released by the mast cells of the lung. According to 
the hypothesis eosinophils are attracted to the bronchi where they degranulate to release MBP and other 
cytotoxic molecules. Upon degranulation, eosinophils release enzymes such as histamines, arylsulfatase and 
phospholipase D which enzymaticaily neutralize the harmful mediators of the mast cell. These molecules also 
promote the destruction of the mucociliary apparatus, and thus prevent the clearing of the bronchial secretions, 
and contribute to the lung damage characteristic of asthma. 

Thus it is believed that asthma is caused by the eosinophils which invade the bronchi in an abnormal res- 
ponse to primary effects of antigen presence. The MBP of the eosinophils damage the epithelial cells of the 



40 



45 



50 



55 



EP 0 387 701 B1 



bronchi Leukotrienesand Platelet Activating Factor (TAF-) are produced ^theeoehiophl andf^lt.nbcono- 
h[al dilation. Molecules (such as MBP) released by the eosinophl can also activate mast cells to release leukot- 
nenes and histamine, thereby causing both bronchospasm and increased eosinophil*. 

in view of the clinical importance of asthma, it is highly desirable to identify new or .mproved therapy for 

fr6 ThC-t C£ n re,ates to the use of interce.iu.ar adhesion molecules (-.CAMs'), such as .CAM.-1. 
and the Actional derivatives of such ICAMs in the treatment of asthma. The invention further ^« «■» 
use of molecules (such as antibodies, or antibody fragments, or receptor molecules) that are able to b.nd to 

tion also includes an assay for detecting agents having therapeutic potential in the treatment of asthma. 

Z ^ invention additionally pertains to a method for bating asthma in a patient which composes proving 
to the patient an effective therapeutic amount of an agent selected from the group cons.st.ng of: 

(a) an antibody capable of binding to ICAM-1; 

(b) a fragment of the antibody (a), the fragment being capable of binding to ICAM-1; 

(c) ICAM-1, being substantially free of natural contaminants; 

(d) a functional derivative of ICAM-1 ; 

e an antibody capable of binding to a member of the CD18famly of glycoproteins; 
!^ Jagment of the antibody (e), the fragment being capable of binding to a member of the CD18 fam.ly 

^a^mbTr'o'fthe CD18 family of glycoproteins, being substantially free of natural contaminants; and 
(h) a functional derivative of a member of the CD18 family of glycop^eins. 

The invention furtherprovidesamemod of identifying an agent ^^^^^E^T* 
mentof asthma which comprisesadministeringmeagenttoanon-hum^^ 

Tceived multiple inhalations of an antigen and then measuring any "^i™^™^™^ „ 
Figure 1 shows the nucleotide and amino acid sequence of ICAM-1 cDNA The f .rst ATG >^P«*on5B. 
Translated sequences corresponding to .CAM-1 tryptic peptides are ^ m ^ e ^ m f^ n K ^^ 
stanal peptide and transmembrane sequences have a bold underline. N-I.nked glycosylate sites are 
bSxed The pCyadenylatton signal AATAAA at position 2976 is over-lined. The sequence shown is for *e 
HL-60 cDNAdone. The endothelial cell cDNA was sequenced over most of Its length and showed onry 
minor differences. 

Figure 2 shows the domain structure of ICAM-1. ^j,,,. 
fire 3 shows eosinophil adherence to flat bottom tissue culture plate wells protein-coated wrth no 
Sus. protected with PAF (1<HM) stimulus, immune complex (IC) coated and >^>«£»; 
JoTted with no stimulus. Adhered cells were quantised by a colorimetric assay for eosinophil peroxidase 

Srsh^ p ^ 

adherence to flat bottom tissue culture plate wells coated with immune complexes (^-Adhered ceHs were 
quantised by a colorimetric assay for eosinoph. peroxidase (mean EPO units ± S.D.). Statistically sig- 
nificant attenuation of adherence is signified by an asterisk. . . „ „ „ PAF 
Ffcure 5 shows the effect of various monoclonal antibodies (MAbs) (supernate i* 1:4 d* f™)™™ 
(1 0*M> induced eosinophil adherence to LPS (10 ng/ml)-stimulated and *^SSS£t7SXZ 
Adhered cells were quantitated by a colorimetric assay for eosinophil perox,dase (EPO unrts ± S.D.). Statis- 
tically significant attenuation of adherence is signified by an asterisk. 
F "u?e 6 shows the effects of antWCAM-1 (RR1/1). anti-LFA-1 beta (R15.7) 

monoclonal antibodies (supernatant 1:4 dilution) on (A) platelet-activahng factor(PAF, 1<F„) induced eosH 
Zhil adhesion to .^polysaccharide (LPS, 10 ng/mD-stimulated human umbihcal ve.n endothel.um, and 
(B) eosinophil adhes^ tol.at bottom tissue culture plate wells coated wim Ascaris extract (nc .stilus) 
or immune complex (IC stimulus). Statistically signrticant attenuation of adherence .s s.gnrf *d by an aster- 

Sure 7 shows the effect of the anti-.CAM-1 monoclonal antibody R6.5 on ^^"^^^ 

Nation and (B) increase in airway responsiveness (decrease in methachOne PC 1M ) induced by three 

nie day inhalations of Ascaris in Ascaris-sensitive cynomegalus monkeys ( Macaca fasc.culans) . Stud.es 

with R6.5 treatment arelo^ared to bracketing control studies performed on each an.mal 

"Lure 8 shows changes induced by a single inhalation cf antigen in (A) inhaled ™^*»™«» * 

brnchoalvedarlavage(BAL)eosino P hils,(C)BALneutrophils.(D)BALma^ 

BAL lymphocytes. Xsq = Kruskal-Wallis Test (Chi-square approximation). NSD = no s.gnrf.cant drfference. 
Each letter represents an individual monkey. D( ~ «„h 

Ffcure 9 shows changes induced by multiple inhalations of antigen in (A) inhaled methachol.ne PC 1M and 
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(B) bronchoalveolar lavage (BAL) eosinophils. Xsq = Kruskal-WaJlis Test (Chi-square approximation). Each 
letter represents an individual monkey. 

A. The Immunopathology of Asthma 

As indicated above, one of the most important and characteristic features of asthma is the extreme (10 to 
1 000 times normal) sensitivity of the bronchi to inhaled agents (physical, chemical and physiological) (Boushey. 
h a gtaj.. Am. Rev. Respir. Pis. 121 :389 (1980); Hargreave. RE. et al.. J. Allergy Clin. Immunol. 68:347 (1981)). 

The severity of this "airway hyper responsiveness" (which is measured clinically by determining the res- 
ponsiveness of the airways to inhaled histamine, methachoiine, cold air or to exercise) correlates with the in- 
tensity of asthmatic symptoms (Hargreave, F.E. etaL, J. Allerov Clin. Immunol. 68:347 (1981); Boulet, L-P et 
al J Allerov Clin. Immunol. 71:399 (1983); Chan-Yeung, M. et_aL, Am. J. Med. 72:411 (1982)), dkirnal varia- 
tions in peak flow rates (Ryan G. etaL. Thorax 37:423 (1 982)) and therapy required (Hargreave, F.E. etaL, i 
Allftrg y Clin. Immunol. 68:347 (1981); Juniper, E.F. et al.. Thorax 36:575 (1981)). 

Although airway hyper responsiveness in asthmatics can remain stable over several years (Juniper E.F. 
etal Thorax 37:288-291 (1982)), responsiveness has been shown to be increased by exposure to allergens 
(Boulet L-R et_aL, J. Allergy. Clin. Immunol. 71:399-406 (1983). Cartier A. eiaL. J. Allergy Clin. ImmunoL 
70-170-177(1982), Cockcroft D.W. et al.. Clinical Allergy 7:503-513 (1977), Gundel R.H. etaL, Amer. Rev. Res- 
p~ Dis (1 989), Lanes S. etaL , J. Aool. Physiol. 61:864-872 (1 986), Marsh W.R. etaL, Amer. Rev. Respir. Pis. 
13V875-879 (1 985), Sotomayor H. etaL, Amer. Rev. Respir. Pis. 130:56-58 (1 984)), air pollutants (Golden J A. 
rtaL, Amer. Rev. Respir. Pis. 118:287-294 (1978)), viral infections (Empey P.W. etaL, Amer. Rev. Respir. Pis. 
113-131-139 (1976)) and certain occupational d chemicals (Chan-Yeung M. etaL, Amer. J. Med. 72:411-415 
(1982) Purham S.R. etaL, J. Allergy Clin. Immunol. 79:398-406 (1 987), Lam S. etaL, J. Allergy Clin. Immunol. 
72: 1 34-1 39 (1 983), Lam S. etaL, J Allerov Clin. ImmunoL 63 :28-34 (1 979)). In fact, there is evidence to suggest 
mat airway hyperresponsiveness is a consequence rather that a predisposing factor of asthma (Boulet L.-P. 
et a | j. Allerov. Clin. Immunol. 71:39*406 (1983), Chan-Yeung M. etaL, Amer. J. Med. 72:411-415 (1982). 
Gundel R.H. etaL. Amer. Rev. Respir. Pis. (1989), Marsh W.R. etaL, Amer. Rev. Respir. Pis. 131:875-879 
(1985), Empey P.W. et al.. Amer Rev. Respir. Pis. 113:131-139 (1976), Lam S. eJtaL, J. Allergy Clin. Immunol. 
63:28-34(1979)). 

~~ While the mechanisms underlying the pathogenesis of airway hyperresponsiveness are not known, results 
from many studies suggest as indicated above, that eosinophil infiltration and desquamation of the bronchial 
epithelium are involved (PeMonchy, J.G.R. etaL. Am. Rev. Respir. Pis. 131:373 (1985); Laitinen. LA. etaL. 
Am. Rev. Respir. Pis. 137 :62 (1988)). Since eosinophil mediators have been shown to damage airway epithelial 
cells in vitro these two events may be linked (Frigas, E. etaL, J. Allergy Clin. Immunol. 77:527 (1986)). 

B. Asthma and Intercellular Adhesion 

The present invention derives, in part, from the development of an assay capable of identifying agents hav- 
ing therapeutic potential in the treatment of asthma. 

As used herein, -asthma" refers to either allergic or idiosyncratic asthma. An agent is said to have a 
therapeutic potential in the treatment of asthma if it may lessen (i.e. attenuate) the severity, extent or duration 
of the asthma symptoms. Such agents are preferably identified through the use of the following "asthma model 
system". As used herein, an agent is said to be able to treat asthma if, when administered to a patient, the agent 
is capable of attenuating either the severity, extent or duration of the asthma symptoms. 

One aspect of the present invention derives from the discovery that the migration of eosinophils into the 
lung is dependent upon intercellular adhesion, and specifically that such adhesion is dependent upon an 
"ICAM-1" ("Intercellular Adhesion Molecuie-1") interaction. 

As used herein, a molecule is a member of the CP18 family of glycoproteins is it contains either an alpha 
subunit of a member of the CP18 family of glycoproteins (i.e. a CP11 subunit), a beta subunit of a member of 
the CD18 family of glycoproteins (i.e. a CP18 beta subunit), or both an alpha and a beta subunit of a member 
of the CP18 family of glycoproteins. Thus, as used herein, a member of the CP18 family of glycoproteins 
includes molecules having only one subunit of a CP18 member as well as heterodimer (i.e. a molecule having 
both an alpha and a beta subunit of a member of the CD18 family. All such molecules may be either bound to 
a membrane or solid support or unbound (i.e. "soluble"). 

■ICAM-1" is the natural ligand for the CP18 family of glycoprotein receptor molecules (Rothlein, R. etaL. 
J. Immunol. 137:1270 (1986); Marlin, S.P. etaL, Cell §1:813 (1987)). ICAM-1 is a 76-97 Kd glycoprotein. ICAM- 
1 is not a heterodimer. The identification, characterization, and amino acid sequence of ICAM-1, and the pro- 
duction of antibody reactive with ICAM-1 and other adhesion molecules are disclosed in European Patent 
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Application Serial No. 289,949 (which reference is incorporated herein by reference) and in Rothlein. R. etaL 
fj Immunol 137:1270-1274 (1986)), Smith, G.W. et_aL, in Structure and F unction of Molecules Involved in 
Leukocyte Adhesion, AS. Rosenthal, etaL.Eds. (Springer-Verlag, New York, 1989); Smith, C.W. etaL, J^Oiru 
lnvest . 82:1746 (1988) and Barton, R.W. etaL, J. Immunol. 143, (1989)), all of which references are incorpo- 
rated herein by reference). 

In brief, ICAM-1 is a cell surface glycoprotein expressed on non-hematopoietic cells such as vascular 
endothelial cells, thymic epithelial cells, certain other epithelial cells, and fibroblasts, and on hematopoietic cells 
such as tissue macrophages, mitogen-stimulated T lymphocyte blasts, and germinal centered B cells and den- 
dritic cells in tonsils, lymph nodes, and Peyefs patches. ICAM-1 is highly expressed on vascular endothelial 
ceils in T cell areas in lymph nodes and tonsils showing reactive hyperplasia. ICAM-1 is expressed in low 
amounts on peripheral Wood lymphocytes. ICAM-1 appears to be required for neutrophil migration into inflamed 
tissues. Phorbol ester-stimulated differentiation of some myelomonocytic cell lines greatly increases ICAM-1 
expression. Thus, ICAM-1 is preferentially expressed at sites of inflammation, and is not generally expressed 
by quiescent cells. ICAM-1 expression on dermal fibroblasts is increased threefold to fivefold by either inter- 
ns leukin 1 or gamma interferon at levels of 10 U/ml over a period of 4 or 10 hours, respectively. The induction is 
dependent on protein and mRNA synthesis and is reversible. 

ICAM-1 displays molecular weight heterogeneity in different cell types with a molecular weight of 97 kd on 
fibroblasts, 114 kd on the myelomonocytic cell line U937, and 90 kd on the B lymphoblastoid cell JY. ICAM-1 
biosynthesis has been found to involve an approximately 73 kd intracellular precursor. The non-N-giycosylated 
20 form resulting from tunicamycin treatment (which inhibits glycosyiation) has a molecular weight of 55 kd. 

ICAM-1 isolated from phorbol ester stimulated U937 cells or from fibroblast cells yields an identical major 
product having a molecular weight of 60 kd after chemical deglycosylation. ICAM-1 monoclonal antibodies 
interfere with the adhesion of phytohemagglutinin blasts to LFA-1 deficient cell lines. Pretreatment of fibrob- 
lasts but not lymphocytes, with monoclonal antibodies capable of binding ICAM-1 inhibits lymphocyte-fibrob- 
25 last adhesion. Pretreatment of lymphocytes, but not fibroblasts, with antibodies against LFA-1 has also been 
found to inhibit lymphocyte-f ibroblast adhesion. 

ICAM-1 is. thus, the binding ligand of molecules of the CD1 8 famBy of glycoproteins. It is inducible on fib- 
roblasts and endothelial cells in vitro by inflammatory mediators such as IL-1, gamma interferon and tumor 
necrosis factor in a time frame consistent with the infiltration of lymphocytes into inflammatory lesions m vivo 
(Dustin, M.L. etal. , J. Immunol 137 :245-254, (1986); Prober, J.S.. gtaL, J. Immunol 137:1893-1896, (1986)). 
Further ICAM-1 is expressed on non-hematopoietic cells such as vascular endothelial cells, thymic epithelial 
cells other epithelial cells, and f ibroblasts and on hematopoietic cells such as tissue macophages, mitogen- 
stimulated T lymphocyte blasts, and germinal center EMails and dendritic cells in tonsls, lymph nodes and 
Peyer's patches (Dustin, M.L, etaL. J. Immunol 137:245-254, (1986)). ICAM-1 is expressed on keratinocytes 
in benign inflammatory lesions such as allergic eczema, lichen planus, exanthema, urticaria and bullous dis- 
eases Allergic skin reactions provoked by the application of a hapten on the skin to which the patient Is allergic 
also revealed a heavy ICAM-1 expression on the keratinocytes. On the other hand toxic patches on the skin 
did not reveal ICAM-1 expression on the keratinocytes. ICAM-1 is present on keratinocytes from biopsies of 
skin lesions from various dermatological disorders and ICAM-1 expression is induced on lesions from allergic 
40 patch tests while keratinocytes from toxic patch test lesions failed to express ICAM-1 . 

Yet another aspect of the invention is the discovery that agents which prevent or inhibit cellular adhesion 
may be employed in the treatment of asthma. 

One example of agents which may be used in accordance with the present invention are ICAM-1 and func- 
tional derivatives of ICAM-1. Since ICAM-1 mediates cellular adhesion by binding to a receptor molecule on 
the eosinophil cell surface, functional derivatives of ICAM-1 which can bind to the ICAM-1 receptor present on 
eosinophils will compete with the ICAM-1 on lung endothelial cells, thus attenuating cellular adhesion of the 
eosinophils, and providing a treatment for asthma. 

A -functional derivative- of ICAM-1 is a compound which posesses a biological activity (either functional 
or structural) that is substantially similar to a biological activity of ICAM-1 . The term "functional derivatives" is 
intended to include the "fragments," "variants," "analogs," or "chemical derivatives" of a molecule. A "fragment" 
of a molecule such as ICAM-1 , is meant to refer to any polypeptide subset of the molecule. Fragments of ICAM-1 
which have ICAM-1 activity and which are soluble (i.e not membrane bound) are especially preferred. 

ICAM-1 is composed of 7 domains (Staunton, D.E. et al.. Immunol. Today 9:213-215 (1988); Staunton, D.E. 
et al., Cell 52:925-934 (1988); Staunton, D.E. etaL, Cell 56:849-854 (1989); Staunton, D.E. etaL, Tissue Anth 
55 ^ 33*287 (1 989), all of which references are incorporated herein by reference). The domains of ICAM-1 are 
shownTn Figure 2. Domains 1 and 2 have been found to be important for the binding of ICAM-1 to its receptor 
molecule (Staunton, D.E. etaL, Tissue Antigens 33:286 (1989); Staunton, D.E. eiaL, FASEB J. 3:A446 (1989) 
both of which references are incorporated herein by reference). In accordance with the present invention, ICAM- 
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1 functional derivatives, and especially such derivatives which comprise fragments or mutan : variant, of CAM- 
1 which possess both domains 1 and 2 can be used in the treatment or therapy of asthma. M« ^""or 
such treatment or therapy are ICAM-1 fragments or mutant variants which contain daman 2 of ICAM-1. Most 
preferred for such treatment or therapy are ICAM-1 fragments or mutant variants which conta.n doma.n 1 of 

iCM l "Variant- of a molecule such as ICAM-1 is meant to refer to a molecule substantially similar in structure 
and function to either the entire molecule, or to a fragment thereof. ...... 

A molecule is said to be "substantially similar" to another molecule if both molecules have substantially hid- 
lar structures or if both molecules possess a similar biological activity. Thus, provided that two molecules pos- 
sess a similar activity, they are considered variants as that term is used herein even » the structure of one of 
the molecules not found in the other, or if the sequence of amino acid residues is not identical. An analog of 
a molecule such as ICAM-1 is meant to refer to a molecule substantially similar in function to either the entire 
molecule or to a fragment thereof. As used herein, a molecule is said to be a "chemical derivative of another 
molecule when contains additional chemical moieties not normally a part of the molecule. Such mo.et.es may 
improve the molecule's solubility, absorption, biological half life, etc. The moieties may alternately decrease 
the toxicity of the molecule, eliminate or attenuate any undesirable side effect of the molecule ^ etc. Mo.et.es 
capable of mediating such effects are disclosed in R«minoton's Pharmaceutical Sciences (1980). "Tox.n-d.n- 
vatized" molecules constitute a special class of "chemical derivatives." A "toxirnlerivatized molecule * a 
molecule (such as ICAM-1 or an antibody) which contains a toxin moiety. The binding of such a molecule , to a 
Z brings the toxin moiety into dose proximity with the cell and thereby promotes cell death. Any suitable toxin 
moiety may be employed; however, it is preferable to employ toxins such as. for example, the nan toxin, fte 
diphtheria toxin, radioisotopic toxins, membrane-channel-forming toxins, etc. Procedures for coupling such 
moieties to a molecule are well known in the art 

An additional example of agents which may be used in accordance with the present invenbon o treat 
asthma are LFA-1, Mad or p150,95. or the functional derivatives of these molecules. ^J*™ £ and 
.neir functional derivatives can provide a treatment for asthma by M ^ to . b,n ^' 'X 

of endothelial cells, and thus impair the ability of such cells to mediate b.nd.ng and adhesion of ««'"0P^ 8 - 

STspec^l interest to the present invention are functional derivatives of LFA-1, Mac-1 or p150.9^ which 
are solublTrnolecules. Of special interest are functional derives erf ftese .nobles whi^ 
(containing both the alpha and beta subunits of the molecules) and monomenc denvatrves capable of b.nd.ng 
ICAM-1. Soluble heterodimers are especially preferred. i.i.^.ihi. 

ICAM-1 and the members of the CD1 8 family of molecules are immunogenic molecules. Thus, ,t « possible 
»o obtain antibodies capable of binding to ICAM-1 or members of the CDIBfamily of molecules Such antibodies 
may be used in accordance with the methods of the present invention in the trealrnent of «J»* 

Such antibodies may be obtained by introducing either the purified molecules (orce»s which naturally exp- 
ress these molecules) into an appropriate animal, as by intraperitoneal injection etc. If ^•^T* 
slch an animal may be removed and used as a source of polyclonal antibod.es capable of b.nd.ng these 
n^ecis. It is. however, preferable to remove splenocytes from such animals, to fuse such spleen cells wl* 
Tmyeloma ceD line and to permit such fuston cells to form a hybridoma cell whtah secretes monoclonal ant> 
bodies capable of binding ICAM-1 or members of the CD18 family of molecules. 

The hybridoma cells, obtained in the manner described above may be screened as desenbed above to 
identify desired hybridoma cells that secrete antibody capable of binding either to ICAM-1 or to members of 
the CDIBfamily of molecules (either the alpha or beta subunit). 

S ce such antibodies have the capacity to bind to ICAM-1 or Ks receptor, they (and the, M 
antigen binding ability, such as Fab. F(ab) 2 . etc.) may be used to attenuate cellular adhesion, and ftus pravide 
^additional example of an agent which may be used in accordance with the present ,nven ton to treat asthma^ 
As indicated above, both polyclonal and monoclonal antibodtes may be employed .n accordance wrth the 
presen invention. Of special interest to the present invention are antibodies to ICAM-1 (or me, functional den- 
ies), or to members of the CD18 family (or their functional derivatives), which are produced .n humans or 
am "Humanized" (i.e. non-immunogenic in a human) by recombinant or other technology. Humamzed any- 
bodies may be produced, for example by replacing an immunogenic portion of an antibody with « correspond- 
SJ birnon-immunogenic portion (i.e. chimeric antibodies) (Robinson, RJ Ji Interna Patent 
Publication PCT/US86/02269; Akira. K. etaL, European Patent Application 1 84 187 Jamguch. M Eumpean 
Patent Application 171.496; Morrison. S.L. etaL. European Patent Application 173.494; Neube ger. M.S. etaL. 

24C MM Sw3 (1988)- Liu. A.Y. et al.. Prnr. Natl, Acad. Sci. USA 84:3439-3443 (1987); Liu. A.Y . sLaL, X 
SSI™ 39 3521 3526 ( 987);^ L.K. etaL, P I ocJ^AcaIscUJSA 84:214-218 (1987); Nishimura, 
TaT cinc Res. 47:999-1005 (1987); Wood. CR. etaL. Nature 314:446^49 (1985)); Shaw etaL. J, 
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Nati.Cancer Inst. 80:1553-1559 (1988). 

General reviews of •humanized" chimeric antibodies are provided by Morrison, S.L ( Sconce , 229:1202- 
1207 (1985)) and by Oi, V.T. et al., BioTechniques 4:214 (1986)). 

Suitable "humanized" antibodies can be alternatively produced by CDR or CEA substitution (Jones. P.T. 
etaL, Nature 321:552-525 (1986); Verhoeyan etaL, Science 239:1534 (1988); Beidler. C.B. etaL, J Immunol. 
141:4053-4060(1988)). 

The anti-asthma agents of the present invention may be obtained by natural processes (such as. tor 
example by inducing an animal, plant, fungi, bacteria, etc.. to produce a non-immunoglobulin antagonist of 
ICAM-1 or by inducing an animal to produce polyclonal antibodies capable of binding to ICAM-1); by synthetic 
methods (such as, for example, by using the Merrif ietd method for synthesizing polypeptides to synthesize 
ICAM-1, functional derivatives of ICAM-1, or protein antagonists of ICAM-1 (either immunoglobulin or non- 
immunoglobulin)); by hybridoma technology (such as, for example, to produce monoclonal antibodies capable 
of binding to ICAM-1); or by recombinant technology (such as. for example, to produce the anti-asthma agents 
of the present invention in diverse hosts (i.e., yeast, bacteria, fungi, cultured mammalian cells, etc.), or from 
recombinant plasmids or viral vectors), or by proteolysis. The choice of which method to employ will depend 
upon factors such as convenience, desired yield, etc. It is not necessary to employ only one of the above-des- 
cribed methods, processes, or technologies to produce a particular anti-asthma agent; the above-d escribed 
processes methods, and technologies may be combined in order to obtain a particular anti-asthma agent 

Functional derivatives of ICAM-1, or a member of the CD18 family, having up to about 100 residues may 
be conveniently prepared by in vitro synthesis. If desired, such fragments may be modified by reacting targeted 
amino acid residues of the purified or crude protein with an organic derivatizing agent that Is capable of reacting 
with selected side chains or terminal residues. The resulting covalent derivatives may be used to identify resi- 
dues important for biological activity. In the embodiments listed below, this aspect of the invention is described 
with reference to the functional derivatives of ICAM-1 . Such methods may also be employed to produce func- 
tional derivatives of any member of the CD1 8 family of molecules. 

Cysteinyl residues most commonly are reacted with a-haloacetates (and corresponding amines), such as 
chloroacetic acid or chloroacetamide, to give carboxymethyl or carboxyamidomethyl derivatives. Cysteinyl resi- 
dues also are derivatized by reaction with bromotrifluoroacetone, a-bromo-MS-imkJozoyl)proptonlc add. 
chloroacetyl phosphate, N-alkylmaleimides, 3-nitro-2-pyridyl disulfide, methyl 2-pyridyl disulfide, p^chloromer- 
curibenzoate, 2-chloromercuri-4-nitrophenoi, or chloro-7-nitrobenzo-2-oxa-1 .3-diazole. 

Histidyl residues are derivatized by reaction with diethylprocarbonate at pH 5.5-7.0 because this agent is 
relatively specific for the histidyl side chain. Para-bromophenacyl bromide also is useful, the reaction is pref- 
erably performed in 0.1 M sodium cacodylate at pH 6.0. 

Lysinyl and amino terminal residues are reacted with succinic or other carboxyiic acid anhydrides. Den- 
vatization with these agents has the effect of reversing the charge of the lysinyl residues. Other suitable rea- 
gents for derivatizing a-amino-containing residues include imidoesters such as methyl picolinimidate; pyridoxal 
phosphate; pyridoxal; chloroborohydride; trinitrobenzenesulfonic acid; O-methylisourea; 2.4 pentanedione; 
and transaminase-catalyzed reaction with glyoxyiate. 

Arginyl residues are modified by reaction with one or several conventional reagents, among them 
phenylglyoxal, 2,3-butanedione. 1,2-cyclohexanedione, and ninhydrin. Derivatization of arginine residues 
requires that the reaction be performed in alkaline conditions because of the high pK. of the guanidine func- 
tional group. Furthermore, these reagents may react with the groups of lysine as well as the arginine epstlon- 

^TheTIIecific modification of tyrosyl residues per_se has been studied extensively, with particular interest 
in introducing spectral labels into tyrosyl residues by reaction with aromatic diazonium compounds or tetranrt- 
romethane. Most commonly, N-acetylimidizol and tetranitromethane are used to form O-acetyl tyrosyl spec.es 
and 3-nitro derivatives, respectively. Tyrosyl residues are iodinated using ™\ or i»l to prepare labeled proteins 
for use in radioimmunoassay, the chloramine T method being suitable. 

Carboxyl side groups (aspartyl or glutamyl) are selectively modified by reaction with carbodnm.des (R -N- 
C-N-R') such as 1-cydohexy1-3-(2-morphor.nyl-<4- ethyl) carbodiimide or 1-ethyl-3 (4 azonia 4,4-dimethylpen- 
tyl) carbodiimide. Furthermore, aspartyl and glutamyl residues are converted to asparag.nyl and glutam.nyl 
residues by reaction with ammonium ions. 

Derivatization with bifunctional agents is useful for crosslinking an ICAM-1 functional denvatrve molecule 
to a water-insoluble support matrix or surface for use in the method for cleaving an ICAM-1 functional denva- 
tves fusion polypeptide to release and recover the cleaved polypeptide. Commonly used crosslinking agents 
include e.g., 1,1-bis(diazoacety^2-phenylethane, glutaraldehyde. N-hydroxysuccinimide esters, for example, 
esters with 4^zidosalicylic acid, homobifunctional imidoesters. including disuccinimidyl esters such as 3,3 - 
dithiobis(succinimidylpropionate). and bifunctional maleimides such as bis-N-maleimido-1, 8-octane. Denvath 
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zing agents such as rnethyl-31(p-azidophenyl)dimiolprop»imidate yield photoactivatable intermediates that 
are capable of forming crosslinks in the presence of light Alternatively, reactive water-insoluble matrices such 
as cyanogen bromide-activated carbohydrates and the reactive substrates described In U.S. Patent Nos. 
3.969.287; 3,691,016; 4,195,128; 4.247,642; 4,229.537; and 4,330.440 are employed for protein immobile 

MtW Glutaminyl and asparaginyl residues are frequently deamidated to the corresponding glutamyl and asparryt 
residues. Alternatively, these residues are deamidated under mildly acidic conditions. Either form of these resi- 
dues falls within the scope of this invention. 

Other modifications include hydroxylation of proline and lysine, phosphorylation of hydroxy! groups of seryl 
or theonyl residues, methylation of the a-amino groups of lysine, arginine. and histidine side chains (T.E 
Creighton. Proteins: Structure and Molecule Properties . W.H. Freeman & Co., San Francisco, pp. 79-86 
(1983)), acetylation of the N-terminal amine, and, in some instances, amidation of the C-terminal carboxyl 

^Functional derivatives of ICAM-1 having altered amino acid sequences can also be prepared by mutations 
in the DNA. The nucleotide sequence which encodes the ICAM-1 gene is shown in Figure 1. Such variants 
include for example, deletions from, or insertions or substitutions of, residues within the amino acid sequence 
shown in Figure 1. Any combination of deletion, insertion, and substitution may also be made to arrive at the 
final construct, provided that the final construct possesses the desired activity. Obviously, the mutations that 
will be made in the DNA encoding the variant must not place the sequence out of reading frame and preferably 
will not create complementary regions that could produce secondary mRNA structure (see EP Patent Appli- 
cation Publication No. 75,444). . 

At the genetic level, these functional derivatives ordinarily are prepared by site-directed mutagenesis of 
nucleotides in the DNA encoding the ICAM-1 molecule, thereby producing DNA encoding the functional deri- 
vative and thereafter expressing the DNA in recombinant cell culture. The functional derivatives typically exhibit 
the same qualitative biological activity as the naturally occurring analog. They may. however, differ substantially 
in such characteristics with respect to the normally produced ICAM-1 molecule. 

While the site for introducing an amino acid sequence variation is predetermined, the mutation perse need 
not be predetermined. For example, to optimize the performance of a mutation at a given site, random 
mutagenesis may be conducted at the target codon or region and the expressed ICAM-1 functonal derivatives 
screened for the optimal combination of desired activity. Techniques for making substitution mutations at pre- 
determined sites in DNA having a known sequence are well known, for example, site-specific mutagenesis. 

Preparation of an ICAM-1 functional derivative molecule in accordance herewith is preferably achieved by 
site-specific mutagenesis of DNA that encodes an earlier prepared functional derivatives or a nonvanant ver- 
sion of the protein. Site-specific mutagenesis allows the production of ICAM-1 functional derivatives through 
the use of specific oligonucleotide sequences that encode the DNA sequence of the desired mutation, as well 
as a sufficient number of adjacent nucleotides, to provide a primer sequence of sufficient size and sequence 
complexity to form a stable duplex on both sides of the deletion junction being traversed. Typically, a pnmer of 
about 20 to 25 nucleotides in length is preferred, with about 5 to 10 residues on both sides of the junction of 
the sequence being altered. In general, the technique of site-specific mutagenesis is well known in the art as 
exemplified by publications such as Adelman etaL, DNA 2:183 (1983). the disclosure of which is incorporated 

herein by reference. . . 

As will be appreciated, the site-specific mutagenesis technique typically employs a phage vector that exists 
in both a single-stranded and double-stranded form. Typical vectors useful in site-directed mutagenesis include 
vectors such as the M13 phage, for example, as disclosed by Messing elat, Third Cleveland Symposium on 
M^n v^ulss and Recombinant DNA . Editor A. Walton, Elsevier, Amsterdam (1981), the disclosure of which 
is incorporated herein by reference. These phage are readily commercially available and their use is generally 
well known to those skilled in the art. Alternatively, plasmid vectors that contain a single-stranded phage origin 
of replication (Veira etaL, Meth. Enzymol. 153:3 (1987)) may be employed to obtain single-stranded DNA. 

In general, site-directed mutagenesis in accordance herewith is performed by first obtaining a single-stran- 
ded vector that includes within its sequence a DNA sequence that encodes the relevant protein. An oligonuc- 
leotide primer bearing the desired mutated sequence is prepared, generally synthetically, for example by the 
method of Crea etaL. Pmr.. Natl. Acad. Sci. (USA) 75:5765 (1978). This primer is then annealed with the sing- 
le-stranded protein-sequence-containing vector, and subjected to DNA-polymerizing enzymes such as L_coh 
polymerase I Klenow fragment to complete the synthesis of the mutation-bearing strand. Thus, a mutated sequ- 
ence and the second strand bears the desired mutation. This heteroduplex vector is then used to transform 
appropriate cells, such as JM101 cells, and clones are selected that include recombinant vectors beanng the 
mutated sequence arrangement. . 

After such a done is selected, the mutated protein region may be removed and placed in an appropriate 
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vector for protein production, generally an expression vector of the type that may be employed for transfor- 
mation of an appropriate host. . n . 

Amino acid sequence deletions generally range from about 1 to 30 residues, more preferably 1 to 10 resn 
dues, and typically are contiguous. 

Amino acid sequence insertions include amino and/or carboxyMerminal fusions of from one residue to 
polypeptides of essentially unrestricted length, as well as intrasequence insertions of single or multiple amino 
acid residues Intrasequence insertions (i.e.. insertions within the complete ICAM-1 molecule sequence) may 
ra nge generally from about 1 to 1 0 residues, more preferably 1 to 5. An example of a terminal insertion includes 
a fusion of a signal sequence, whether heterologous or homologous to the host cell, to the N-terminus of the 
molecule to facilitate the secretion of the ICAM-1 functional derivative from recombinant hosts. 

The third group of functional derivatives are those in which at least one amino acid residue in the ICAM-1 
molecule and preferably, only one, has been removed and a different residue inserted in its place. Such sub- 
stitutions preferably are made in accordance with the following Table 1 when it is desired to modulate finely 
the characteristics of the ICAM-1 molecule. 

TABLE 1 
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Original Residue 


Exemolarv Substi 


Ala 


giy; 


ser 


Arg 


lys 




Asn 


gin; 


his 


Asp 


glu 




Cys 


ser 




Gin 


asn 




Glu 


asp 




Gly 


ala; 


pro 


His 


asn; 


gin 


He 


leu; 


val 


Leu 


ile; 


val 


Lys 


arg; 


gin; 


Met 


leu; 


tyr; 


Phe 


met; 


leu; 


Ser 


thr 




Thr 


ser 




Trp 


tyr 




Tyr 


trp; 


phe 


Val 


ile; 


leu 



Substantial changes in functional or immunological identity are made by selecting subst.tut.ons that are 
less conservative than those in Table 1. i.e., selecting residues that differ more significantly in their effect on 
maintaining (a) the structure of the polypeptide backbone in the area of the substitution, for example, as a sheet 
or helical conformation, (b) the charge or hydrophobicity of the molecule at the target site, or (c) the bulk of the 
side chain. The substitutions that in general are expected to those in which (a) glycine and/or proline is sub- 
stituted by another amino acid or is deleted or inserted; (b) a hydrophilic residue, e.g., seryl or threonyl. e sub- 
stituted for (or by) a hydrophobic residue, e.g., leucyl, isoleucyi, phenylalanyl, valyl, or alanyl; (c) a cysteine 
residue is substituted for (or by) any other residue; (d) a residue having an electropositive side chain, e.g.. lysyl, 
arginyl or histkJyl, is substituted for (or by) a residue having an electronegative charge, e.g., glutamyl or aspar- 
tyl; or (e) a residue having a bulky side chain, e.g.. phenylalanine, is substituted for (or by) one not having such 
a side chain, e.g., glycine. I ^.„ mm . 

Most deletions and insertions, and substitutions in particular, are not expected to produce radical changes 
in the characteristics of the ICAM-1 molecule. However, when it is difficult to predict the exact effect of the sub- 
stitution deletion, or insertion in advance of doing so. one skilled in the art will appreciate that the effect will 
be evaluated by routine screening assays. For example, a functional derivative typically is made by s.te-specrf .c 
mutagenesis of the native ICAM-1 molecule-encoding nucleic acid, expression of the variant nucleic aad in 
recombinant cell culture, and. optionally, purification from the cell culture, for example, by immunoaff.nity 
adsorption on an anWCAM-1 molecule antibody column (to absorb the functional derivative by binding it to at 
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least one remaining immune epitope). 

The activity of the cell lysate or purified ICAM-1 molecule functional derivative is then screened in a suitable 
screening assay for the desired characteristic. For example, a change in the immunological character of the 
functional derivative, such as affinity for a given antibody, is measured by a competitive type immunoassay. 
Changes in immunomodulation activity are measured by the appropriate assay. Modifications of such protein 
properties as redox or thermal stability, biological half-life, hydrophobic^, susceptibility to proteolytic degra- 
dation or the tendency to aggregate with carriers or into multimers are assayed by methods well known to the 
ordinarily skilled artisan. 



C. Administration of the Compositions of the Present Invention 



The therapeutic effects of the anti-asthma agents of the present invention may be obtained by providing 
such agents to a patient by any suitable means (i.e. intravenously, intramuscularly, subcutaneous! y ( enterally, 
or parenteraJly). It is preferred to administer the agents of the present invention intranasalty as by nasal spray, 
swab, etc. It is especially preferred to administer such agents by oral inhalation, or via an oral spray or oral 
aerosol. When administering agents by injection, the administration may be by continuous infusion, or by single 
or multiple boluses. 

The therapeutic advantages of any of the above-discussed agents can be augmented through the use of 
functional derivatives possessing additional amino acid residues added to enhance coupling to carrier or to 
enhance the activity of the agent. The scope of the present invention is further intended to include functional 
derivatives of ICAM-1 which lack certain amino acid residues, or which contain altered amino acid residues, 
so long as such derivatives exhibit the capacity to affect cellular adhesion. 

The antibodies of the present invention and the ICAM-1 molecule and the members of the CD18 family 
disclosed herein are said to be "substantially free of natural contaminants" if preparations which contain them 
are substantially free of materials with which these products are normally and naturally found. 

The present invention extends to the use of antibodies, and biologically active fragments thereof, (whether 
polyclonal or monoclonal) which are capable of binding to ICAM-1 or to a member of the CD18 famiy in the 
treatment of asthma. 

In providing a patient with antibodies, or fragments thereof, capable of binding to ICAM-1 or to a member 
of the CD1 8 family, or when providing ICAM-1 or a member of the CD1 8 family (or a fragment, variant, or deri- 
vative thereof) to a recipient patient, the dosage of administered agent will vary depending upon such factors 
as the patient's age, weight, height, sex, general medical condition, previous medical history, etc. In general, 
it is desirable to provide the recipient with a dosage of agent which is in the range of from about 1 pg/kQ to 10 
mg/kg (body weight of patient), although a lower or higher dosage may be administered. The therapeutically 
effective dose can be lowered by using combinations of the above-described agents (such as, for example, if 
antWCAM-1 antibody is additionally administered with an anti-LFA-1 antibody). As used herein, one compound 
is said to be additionally administered with a second compound when the administration of the two compounds 
is in such proximity of time that both compounds can be detected at the same time in the patient's serum. 

The anti-asthma agents of the present invention are intended to be provided to recipient subjects in an 
amount sufficient to lessen or attenuate the severity, extent or duration of the asthma symptoms. 

The antibody agents of the invention, or their fragments, may be administered either alone or in combination 
with one or more additional anti-asthma agents (such as methylxanthines (such as theophylline), beta-adrener- 
gic agonists (such as catecholamines, resorcinols, saligenins, and ephedrine), glucocorticoids (such as hyd- 
rocortisone), chromones (such as cromolyn sodium) and anticholinergics (such as atropine), in order to 
decrease the amount of such agents needed to treat the asthma symptoms. 

The administration of the agent(s) of the invention may be for either a "prophylactic" or "therapeutic" pur- 
pose. When provided prophyiactically, the agent(s) are provided in advance of any asthma symptom. The 
prophylactic administration of the agent(s) serves to prevent or attenuate any subsequent asthmatic response. 
When provided therapeutically, the agent(s) are provided at (or shortly after) the onset of a symptom of asthma. 
The therapeutic administration of the compound(s) serves to attenuate any actual asthmatic episode. The 
agents of the present invention may, thus, be provided either prior to the onset of an anticipated asthmatic 
episode (so as to attenuate the anbcipated severity, duration or extent of the episode) or after the initiation of 
the episode. 

A composition is said to be "pharmacologically acceptable" if its administration can be tolerated by a reci- 
pient patient Such an agent is said to be administered in a "therapeutically effective amount" if the amount 
administered is physiologically significant. An agent is physiologically significant if its presence results in a 
detectable change in the physiology of a recipient patient. 

The agents of the present invention can be formulated according to known methods to prepare phar- 
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maceutically useful compositions, whereby these materials, or their functional <*nvatrves, "^'""J ' " 
^rnixtureiapharrnaceuacallyacceptablecarriervehide. Suitable vehic.es and ^^^^T 
of other human proteins, e.g.. human serum albumin, are described, for example. ,n Remington s Ph™»»ft. 
cal Sciences (16th ed.. Osol. A., Ed.. Mack. Easton PA (1980)). In order to form a pharmaceuucally acceptable 
composition suitable for effective administration, such compositions will contain an effective amount of anb- 
ICAM antibody or ICAM-1 molecule, or their functional derivatives, together with a suitable amount of earner 

Additional pharmaceutical methods may be employed to control the duration of action Control release pre- 
parations may be achieved through the use of polymers to complex or absorb anu-ICAM-1 antibody or ICAM-1 , 
„ .heir functional derivatives. The controlled delivery may be exercised by selecting appropr** > mac- 
romolecules (for example polyesters, polyamino acids, polyvinyl, pyrrolidone. ethylenevmylacetate. metoylcek 
EE. carboxymethylcellulose. or protamine, sulfate) and the concentration of ""cromo.ecu^s as we« as the 
iTods of inspiration in order to control release. Another possible method to control he duraton of ^ acbon 
□^controlled release preparations is to incorporate antUCAM-1 antibody or ICAM-1 ™ e <* lM '"» e '^ 
tonal derivatives, into particles of a polymeric material such as polyesters, polyamino 
polyflactic acid) or ethylene vinylacetate copolymers. Alternatively, instead of incorporate these 
SImeric particles, it is possible to entrap these materials in microcapsules prepared, for 
eTvaL torques orbyinterfacialpd^ 

u" and po.y(methylmethacy.a te ) microcapsules, respectively, or in coHoida. drug «^ J*?^? 
example, liposomes, albumin microspheres, microemuisions. nanopartic.es, and nano^paules or ,n mao 
roemulstons. Such techniques are disclosed in Remington's Pharmaceutical S ° e ^ 8 

Having now generally deserved the invention, the same will be more ^^^JTS^Z 
to the following examples which are provided by way of illustration, and are not Intended to be limiting of the 
present invention, unless specified. 

EXAMPLE 1 

LUNG EOSINOPHIL ADHESION REACTIONS DEPEND ON CD11 AND ICAM-1 CELL ADHESION 
MOLECULES 

,n order to evaluate the requirement for cel. adhesion of eosinophils in their migratory and ^*~ te ^ 
ton eosinophil adheston in vitro was tested. In particular, the role of the CD18 family of cellular adhesion 
nSecTesl and of ICAM-1 Jr^nate eosinophi adhesion to protein coated plastic and to human endothelium 

^E^nClswe^^ 

ocularis), purified (>93% by morphology) on a Percoll continuous density grad.entwashed, »96 
wS^bottom tissue culture plates at a concentration of 5 x 1 03 cells/well. After a 60 mm. mcuba tor. at 37 C. 
toZSZLa* were removed ^.^^.Mtm^c*™™^^**^ 
gatton or degranulation was observed) and by a colorimetric assay which measures eosinophil peroxidase 

(EP ?he eosinophils spontaneously adhered and spread on the bottom of untreated wells or of w* touted 
with immune com P lexes(made from Ascaris extract and serum from an 

eosinophils did not adhere well to wells coated with proteins, including bovine serum a bum,n. normal nwnkey 
Sl or Ascans extract. Of various soluble stimuli tested. Platelet Activating Factor (PAF) induced the most 

pronounced and consistent adherence of eosinophils to protein-coated wells (Figure 3) 

P The rc*e of CD18 adhesion molecules and of ICAM-1 in thte adherence process was «^ ed u8 '"9 
lonal antibodies reactive with each of these rnembrane glycoproteins. Antibrf^ 

(anti-CD18); R3.1 (anti-CD11a) ; M1/70 and LM2/1 (antnCDUb); RR2/1 and R6.5.D6 (anu-ICAM-1), and W6/32 

^lelfon eosinophils to immune complex-coated wells appeared to be CD11 ^ependent. since 
ag CD11b and CD18 inhibited adhesion whiie mAbs against CD11a. ICAM-1. and HUAdid no (Fig- 
ure 4). Identical results were obtained using eosinophils activated by soluble st«nul,, including PAF. and pro- 

,ein rhSo W n e ol S eosino P hi,s to endothelial cells activated by LPS (10 ngM*) and f.ed with ^ehyde- 
also tested. Human umbilical vein endothelial cells were prepared as described by Smith, C.W ^UjSHL 
f vest. 82:1746 (1988) which reference is incorporated herein by reference). Adhes»n o eosinophil ndu« d 
^TTo-™ to such activated endothelial cells was partially inhibited by mAbs aga.nst CD11a. CD11 b. and 
ICAM completely inhibited by anti-CD1 8. and not inhibited by anti-HL-A(Figure 5). These experiments revealed 
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that the observed adhesion was partially dependent on CD11a, CD11b, and ICAM-1. 

In summary, primate lung eosinophils behave nearly identically to human neutrophils in membrane adhe- 
sion reactions involving CD11a, CD11b, and ICAM-1. The CD18 family of CAMs therefore plays a major role 
in eosinophil adherence and is responsible to selective tissue accumulation of eosinophils in LAD patients. 

EXAMPLE 2 

ROLE OF ICAM-1 IN EOSINOPHIL INFILTRATION 

In order to demonstrate that ICAM-1 contributed to the eosinophil infiltration, airway epithelium desqua- 
mation and increased airway responsiveness that characterize the airway inflammation underlying bronchial 
asthma, the effect of monoclonal antibodies reactive with ICAM-1 on asthma in primates was investigated. 
Specifically, (a) the contribution of ICAM-1 to eosinophil adhesion to vascular endothelium in vitro, (b) the induc- 
tion of ICAM-1 on airway epithelium in vitro and in vivo as well as on bronchial vascular endothelium invtyo, 
and (c) the contribution of ICAM-1 to the eosinophil infiltration and increase in airway responsiveness induced 
by multiple inhalations of antigen in vivo were investigated. 

Primate lung eosinophils were stimulated with platelet-activating factor (PAF, 1<HM), and incubated in the 
presence of lipopolysaccharide (LPS, 10 ng/ml) stimulated cultured human umbilical vein endothelial cells 
(HUVECs) in order to assay for celular adhesion. Eosinophils were obtained by bronchoalvedar lavage from 
20 adult male cynomolgus monkeys (Macaca fascicularis) with airway eosinophilic purified (morphologically 
>95% pure) on a Percoll continuous density gradient (Riding, G.A. et al. , J. Immunol. Meth. 46:113 (1981)), 
washed and added to 96 well flat bottom tissue culture plates (5 x 1 0* cells/well). After a 60 minute incubation 
at 37°C, the non-adherent cells were removed by an automated plate washer. Adherent cells were quantitated 
visually and by a colorimetric assay for eosinophil peroxidase, EPO (Strath, M. etaL, J. Immunol. Meth. 83:209 
(1985)). Human umbilical vein endothelial cells were isolated, cultured to a confluent monolayer in each well, 
stimulated for4 hours with LPS and finally fixed in 1% glutaraldehyde (Smith, C.W. etaL, J. Clin. Invest §2:1746 
(1988)). Immune complex wells were made by coating with Ascaris extract followed by serum from an Asca- 
ris-sensitive monkey. 

~~ Adhesion was found to be significantly inhibited by the anti-ICAM-1 monoclonal antibody RR1/1 (Rothlein. 
R. etaL, J. Immunol. 137:1270 (1986); Marlin, S.D. etaL, Cell 51:813 (1987)) (Figure 6A). In contrast the an- 
ti-HLA class I control monoclonal antibody W6/32, which also binds to HUVECs (Smith, C.W. etaL, J. Clin. 
Invest. 82:1746 (1988)), did not inhibit eosinophil adherence (Figure 6A). 

Adherence of primate lung eosinophils to immune complex coated plastic was not inhibited by RR1/1 (Fig- 
ure 6B) demonstrating the specificity of the inhibition of adherence to endothelium. These results indicate that 
ICAM-1 is important for eosinophil adhesion to endothelium and thus may contribute to eosinophil migration 
into inflamed tissues in vivo . 

In addition to being required for migration into tissue, leukocyte adhesion is a prerequisite for cytotoxic tis- 
sue injury. Inhibition of adhesion of effector to target cells has been reported to reduce both lymphocyte and 
granulocyte mediated killing in vitro and allograft rejection in vivo (Martz, E. etaL, J. Immunol. 133:2972 (1984)). 
40 Since eosinophils and their products have been implicated in airway epithelium desquamation (Frigas, E. et 
al J Allerov Clin. Immunol. 77:527 (1 986)) which in turn is strongly linked with airway hyperresponsiveness 
(Laitinen, LA. etaL, Am. Rev. Res Dir. Pis. 137:62 (1988)) and asthma symptoms (Hargreave, F.E. etaL. J, 
Allerov Clin. Immunol. 68:347 (1981); Boulet L-P et al,. J. Allerov Clin. Immunol. 71:399 (1983); Chan-Yeung. 
N sta}.. Am. J.~MeT 72:411 (1982); Frigas, E. et al.. J. Allerov Clin. Immunol. 77:527 (1986)), the effects of 
45 various pro-inflammatory cytokines on ICAM-1 induction on airway epithelial cells invitra was investigated. 

Using an ELISA assay (Rothlein R. etaL, J. Immunol. 141:1665 (1988)) and the anti-ICAM-1 monoclonal 
antibodies RR1/1 and R6.5 (Smith, C.W. etaL. J. Clin. Invest 82:1 746 (1 988)) it was found that 1 6 hour stimu- 
lation with interleukin-1 bet (IL-1 b), human recombinant tumor necrosis factor alpha (TNFa), and human recom- 
binant interferon gamma (IFNg) enhanced ICAM-1 expression on a monolayer of cultured monkey bronchus 
so epithelial cells (Table 2). 

Table 2 shows the effects of pro-inflammatory cytokines on induction of ICAM-1 on bronchial epithelial cells 
in ^^0 . The rhesus monkey bronchus epithelial cell line 4MBr-5 (obtained from American Type Culture Collec- 
tion)was cultured to a confluent monolayer and then stimulated for 16 hours with IL-1b. TNFa or IFNg. EUSA 
assays for ICAM-1 [monoclonal antibodies RR1/1 (Rothlein, R. etaL, J. Immunol. 137:1270 (1986); Marlin, S.D. 
et al Cejl 51:813 (1987)) and R6.5 (Smith, C.W. etaL, J. Clin. Invest 82:1 746 (1988))] and LFA-1 alpha (mono- 
clonal antibody R3.1 (Rothlein, R. etaL, J. Immunol. 141:1665 (1988))] expression were performed as previ- 
ously described (Rothlein, R. etaL, J. Immunol. 141:1665 (1988)). The numbers represent the mean of optical 
density units (relative to normal mouse gamma globulin background) for duplicate cultures and is representative 
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of four individual experiments. 

TABLE 2 



50 



55 



Optical Density Units 



Stimulus 


Concentration 


RR1/1 
(anti-ICAM-1) 


R6.5 
(anti-ICAM-1) 


R3. 1 
(anti -LFA-la) 


none 




ft o 

92 


one 


-97 
LI 


IL-lb 


0.1 units/ml 


130 


253 


-33 




1 unit /ml 


166 


253 


-32 




10 units/ml 


149 


322 


-37 


TNFa 


1 unit /ml 


100 


236 


-30 




10 units/ml 


131 


266 


-29 




100 units/ml 


159 


346 


-31 




1000 units/ml 


178 


416 


-36 


IFNg 


0.1 units/ml 


138 


276 


-16 


1 unit /ml 


263 


423 


-17 




10 units/nl 


413 


673 


-26 




100 units/ml 


576 


940 


-27 



The time course of enhanced ICAM-1 expression (Table 3) was found to be similar to that previously repor- 
ted for HUVECs in vitro (Smith, C.W. et al. , J. Clin. Invest 82:1746 (1988)) and human skin keratinocytes in 
vivo (Wantzin, G.L etaL , J. Am. Acad. Dermatol. 20: 782 (1 989)). As expected, the anti-LFA-1 alpha monoclonal 
30 antibodyR3.1 (Rothlein. R, et al. , J. Immunol. 141 :1 665 (1 988)) did not bind to unstimulated or stimulated bronc- 
hial epithelium (Table 2). These results suggest that ICAM-1 could contribute to leukocyte (e.g., eosinophil) 
mediated desquamation of airway epithelium in vivo . 

Table 3 shows the time course for the induction of ICAM-1 on bronchial epithelial cells in vitro. The rhesus 
monkey bronchus epithelial cell line 4MBr-5 (obtained from American Type Culture Collection) was cultured to 
a confluent monolayer and then stimulated for various time periods with IL-1b (10 ng/ml) or IFNg (10 units/ml). 
An ELISA assay for ICAM-1 expression [monoclonal antibody R6.5 (Smith, C.W. etaL, J. Clin. Invest 82:1746 
(1 988))] was performed as previously described (Rothlein, R. et al. , J. Immunol. 141:1665 (1988)). The num- 
bers represent the mean of optical density units (relative to normal mouse gamma globulin background) for 
triplicate cultures and is representative of two individual experiments. 



TABLE 3 


Stimulation Time 
(hours) 


Stimulus 




IL-lb 


IFNg 


0 


215 


215 


2 


240 


250 


4 


296 


349 


8 


364 


349 


16 


417 


826 


24 


369 


812 


48 


472 


672 
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EXAMPLE 3 

CONTRIBUTION OF ICAM-1 TO DESQAMATION IN VIVO 

To further investigate the ability of ICAM-1 to contribute to eosinophil-mediated desquamation of airway 
epithelium jnviyo. immunohistochemical staining was conducted to determine if multiple inhalations of antigen 
induce ICAM-1 expression on airway epithelium in_yjyo. . ■ 

Tissues were stained using a modification of a previously described protocol (Wanton, G.L. etaL, J^n, 
Acad De rmatol 20:782 (1989)). Briefly, tissue specimens were removed and frozen in liquid nitrogen. After 
eT^eatariSTwO micron sections were fixed in acetone for 10 minutes and either stained Immediately or 
stored at-20«C. Staining was performed using the Biotein-Strept Avidin System kit according to manufactures 
protocols (BioGenex. CA). Primarily antibody was incubated with tissue as undiuted culture supernatants 
(RPM1 1640 medium with 1 0% FBS) for one hour at room temperature. Blocking for non-specrf.c protein binding 
was accomplished by applying normal goat serum. AEC (3-amino-9^thylcarbazole) was used as a substrate 
and the sections were counterstained with Mayer's Hematoxylin. 

Intense staining for ICAM-1 was found on both the epithelium (trilateral portion only) and on the vascular 
endothelium of a trachea section taken from an Ascans antigen sensitive monkey twenty minutes after the third 
of three alternate day Ascaris inhalations. Staining for LFA-1 alpha (Anderson. D.C. et^. X Inf P'- IS- 6 " 
H985V Anderson, D.cl^Ann^evJ^38:175 (1987); Todd, R.F. et_aL, Hematol./Oncoi. Cl.n.cs N. Arner 
213 (1988)) but not on airway epithelium (Table 2) revealed a leukocyte infiltration in the interstrtium that 
aooeared to be most marked just below the epithelial basement membrane. In addition leukocytes were notable 
between epithelial cells primarily at the basilateral portion of the epithelium where ICAM-1 fining was most 
pronounced. Utile or no nonspecific staining was observed using mouse serum. Staining (using ICAM-1 , LFA-1 
alpha and mouse serum) in a trachea section taken from an Ascaris-sensMve monkey twenty minutes after a 
single inhalation of Ascaris , revealed, as expected based on the time required for its expression (see Table 3 
ZSZLnam vmOL. ■» 1 -J- Am. Acad. Dermatol. 20.782 (1989); Smith. CM *± J- C.,n. Invest 
82:1746 (1988), which references are incorporated herein by reference), little or no ICAM-1 staining was found 
on the epithelium or vascular endothelium in this section. 

In addition, although pockets of leukocyte infiltration were found, leukocytes were not accumulated just 
below the epithelial baseline membrane and were not found between epithelial cells. Thus, these immunohh 
stochemical staining results further suggest an ICAM-1 dependent eosinophil-epithelial cell interaction may 
contribute to the desquamation of airway epithelium found in asthmatics. 

EXAMPLE 4 

IN vivo EFFECT OF ICAM-1 ON ASTHMA 

Having demonstrated a potential role for ICAM-1 in the pathogenesis of airway ^P*™^'" 6 ™* 8 ""J 
asthma using the in vitro and immunohistochemical protocols described above, the ifiyjvg , effect «J«^CA*1 
antibodies was inhaled. For these studies, an asthma animal model was employed. The model may be 
used with any mammal, but K is most preferable to employ primates in the model. To induce an asthmatic 
episode, inhalations of antigen were provided to a monkey on three alternate days. This regimen induced a 
consistent (usually greater than 8 fold) increase in airway responsiveness to inhaled methachol.ne in monkeys 
(Wegner CD. et al.. Am. Rev. Resoir. Pis. 139*324 (19 89), which reference is incorporated herein by refer- 
22) This inoreise in airway responsiveness is preceded by an intense eosinophil inf iltration and ,s s.mrfar 
in magnitude to that induced in asthmatics during the pollen season (Boulet L-P etaL. AHerqy Clin. Immunol. 
71-399 (1983); Sotomayor, H. et al.. Am. Rev. Respir. Pis. 130:56 (1984)) or on continued exposure to occu- 

Stol aliens (Chan-YeungTW, HnJJik™" ^ ^f^' ^Z^ZTer 
72:134 (1983); Lam, S. etak, .1. Allerov Clin. Immunol. 63:28 (1979)). In lieu of methachol.ne. histamine orother 
similar componds and methacholine equivalents can be employed. „ <ilf „«„„ 

Using this animal model, the effect of the anti-ICAM-1 monoclonal antibody R6.5 on eosinophil infiltration 
and the induction of airway hyperresponsiveness inviyo was investigated. • ^, h „. 

In accordance with the model, airway cell composition and airway responsiveness were determined three 
days prior to (Day 0) and three days after (Pay 10) three alternate day (Day 3. 5 and 7) inhalations of antigen 
(Weoner. C D. «tal Am. Rev. Respir. Pis. 139:A324 (1989)). Airway cell composition was measured by bron- 
choarvedar lavage~(BAL). Airway responsiveness was measured by determining the concentration (PC 100 ) of 
inhaled methacholine that caused a 100% increase in respiratory system resistance. R6.5 was a^ered 
intravenously at 1 .76 mg/kg daily on Days 2-9. Studies with R6.5 treatment were compared to bracketing control 
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studies performed on each animal. 

R6.5 (anthlCAM-1) treatment attenuated the eosinophl infiltration in all five animals studies (Figure 7A). 
The increase in airway responsiveness (decrease in inhaled methacholine PC 100 ) was also inhibited in all five 
animals, markedly in four (Figure 7B). Surprisingly, in two animals (c and d) airway responsiveness not only 

5 did not increase (as it had in control studies) but actually decreased (methacholine PC 100 increased) with R6.5 
treatment, despite the multiple inhalations of antigen, demonstrating a reversal of an elevated basal airway res- 
ponsiveness in these animals. 

In summary, these results demonstrate that 1CAM-1 is selectively induced on chronically inflamed tracheal 
vascular endothelium in vivo , that ICAM-1 contributes to eosinophil adhesion to vascular endothelium in vitro, 

10 and that an antMCAM-1 monoclonal antibody attenuates inhaled antigen-induced eosinophil infiltration In vivo. 
Furthermore, ICAM-1 expression is enhanced on cytokine stimulated airway epithelium in vitro and selectively 
induced on chronically inflamed tracheal epithelium in vivo indicating that ICAM-1 may contribute to airway 
epithelium desquamation in vivo . An antMCAM-1 monoclonal antibody was avble to inhibit the increase in air- 
way responsiveness induced by multiple inhalations of antigen in monkeys. 

is These results indicate that ICAM-1 plays a pivotal role in the pathogenesis of airway hyperresponslveness 
and asthma. ICAM-1 similarly contributes to the onset and progression of other diseases characterized by air- 
way inflammation {e.g., chronic bronchitis, emphysema, idiopathic pulmonary fibrosis, etc. (Guenter, C.A. et 
aL, Am. Rev. Respir. Pis. 123 :79 (1981); Rossi, G.A. et aL , Am. Rev. Respir. Pis. 129 :850 (1984); Hunninghake, 
aw. et a!. . Am. J. Pathol. 97:149 (1979); Hunninghake, G.W. et aL , Am. Rev. Respir. Pis. 123 :407 (1 981))] or 

20 eosinophil infiltration and tissue sensitization / destruction [e.g.. rhinitis, nasal polyposis, chronic urticaria and 
atopic dermatitis (Mygind, N., Allergy 34 :195 (1979); Mullarkey. M.F. et al.. J. Allerov Clin. Immunol. 65:122 
(1980); Peters, M.S. et al. . J. Invest. Dermatol. 81:39 (1983); Leiferman, K.M. et al. . N. Engl. J. Med. 313:282 
(1985); Spry, CJ.F. et al. , Int. Archs. Allergy appl. Immun. 77:252 (1985))]. Thus, agents which prevent or 
attenuate such cellular adhesion may be employed in the treatment of these diseases in the same manner as 

25 they may be used to treat asthma. 



EXAMPLES 

EFFECTS OF SINGLE ANP MULTIPLE INHALATIONS OF ANTIGEN ON AIRWAY RESPONSIVENSS IN 
30 MONKEYS 

In animals (Lanes, S. et_aL, J. Appl. Physiol. §1:864-872 (1986), Marsh, W.R. et_aL, Amer. Rev. Respir. 
Pis. 131: 875-879 (1 985)), as well as in man (Carter, A. etaL , J. Allerov Clin. Immunol. 70: 1 70-1 77 (1 982), Cock- 
croft D.W. et al. , Clinical Allergy 7:503-513 (1977), a single inhalation of an allergen can cause a mild (2-6 

35 fold) increase in airway responsiveness. Repeated allergen exposures, such as those that occur in man during 
the pollen season (Boulet, L-P. etaL, J. Allerov. Clin. Immunol. 71:399-406 (1983), Sotomayor, H. etaL, Amer. 
Rev. Respir. Pis. 130 :56-58 (1984)) or in an occupational setting (Chan-Yeung, M. etal. , Amer. J. Med. 72:411- 
415 (1982), Lam, S. etal., J. Allergy Clin. Immunol. 72:134-139 (1983), Lam, S. et al. , J. Allergy Clin. Immunol, 
63:28-34 (1979)), have been reported to cause greater (often ± 10 fold) increases in airway responsiveness. 

40 Multiple (4 weekly) instillations of antigen coated beads induce a 10fold increase in airway responsiveness 

in monkeys (Gundel, R.H. etal. , Amer. Rev. Respir. Pis. (1989), which reference is incorporated herein by refer- 
ence). 

In order to more develop a useful animal asthma model, the effects of single and multiple antigen inha- 
lations on airway responsiveness to inhaled methacholine in monkeys was investigated. Since airway inflam- 

45 mation (Marsh, W.R. etaL, Amer. Rev. Respir. Pis. 131:875-879 (1985), Sotomayor, H. etaL, Amer. Rev. Respir. 
Dis . 130:56-58 (1984), Lazarus, S., Amer. J. Med. §1:2-7 (1986), O'Byrne, P.M.. Chest 90:575-577 (1986)), 
especially eosinophil infiltration (Gundel, R.H. etaL, Amer. Rev. Respir. Pis. (1989), OeMonchy, J.G.R. etaL, 
Amer. Rev. Respir. Pis. 131 :373-376 (1985), Wardlaw, A.J, et al. Amer. Rev. Respir. Pis. 137:62-69 (1988)). 
has been hypothesized to play a role in the pathogenesis of airway hyperresponsiveness, airway cellular 

so composition was concomitantly investigated. 

In order to investigate these effects, seven adutt male cynomolgus monkeys (Macaca fascicularis, Charles 
River Primate Imports, Port Washington, NY) weighing 4.6 to 8.2 kg were studied. All animals demonstrated 
a naturally occurring and reproducible respiratory sensitivity to inhaled Ascaris suum extract Animals were 
studied anesthetized with ketamine hydrochloride (1 mg/kg, i.m.; Ketaset, Bristol Laboratories) and xylazine 

55 (4 mg/kg, i.m.; Rompun, Miles Laboratories, Inc.), intubated with a cuffed endotracheal tube (5.5 mm IP; Mal- 
linckrodt Critical Care, cat #86048) and seated in an upright position in a specially designed support chair. 
Ketamine (4 mg/kg, i.m.) was used alone to supplement anesthesia as needed. 

Airway responsiveness (methacholine PC 100 ) followed by airway cell composition (BAL) were determined 
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one day prior to and twenty hours after a single inhalation of As cans extract or three days prior to (Day 0) and 
three days after (Day 10) three alternate day (Days 3, 5 and 7) inhalations of Ascaris extract All seven animals 
were studied in both protocols. A letter designation was assigned to each animal for presentation of results. 
In asthmatics, the peak increase in airway responsiveness occurs three to twenty-four hours post allergen 

5 challenge (Cartier, A. et aL J. Allergy Clin. Immunol. 70:170-177 (1982), Cockcroft D.W. etal, Clinical Allergy 
7:503-513 (1977), Durham, S.R. et al. , J. Allergy Clin. Immunol. 79:398-406 (1987)). Thus, airway responsive- 
ness was measured twenty hours after the single Inhalation of antigen. 

However, to avoid anesthetizing each animal for a fourth time in a six day interval, airway responsiveness 
was not measured twenty hours after the multiple inhalation of antigen. Instead, airway responsiveness was 

10 measured three days after the multiple inhalations of antigen. It was discovered that airway inflammation (i.e. 
eosinophil infiltration) stfll persists three days after antigen inhalation (Wegner, CD. etal. , Amer. Rev. Respir. 
Pis. 135:A221 (1987) which reference is incorporated herein by reference). 

Ascaris suum extract (Greer Laboratories, cat #B-33) was employed as antigen in the studies. The extract 
was diluted in phosphate buffered (5mM, pH 7.4) saline (0.5%) (PBS), compressed air nebulized (Bird Micro- 

15 nebulizer, model 8158) and administered by intermittent positive pressure breathing (Bird Mark 7A Respiator) 
consisting of 30 inhalations to 20 cm H 2 0 in approximately two minutes. For each animal, the previously deter- 
mined concentration of Ascaris extract that caused a reproducible 1 50 to 300% acute increase in respiratory 
system resistance was used. Methacholine challenges were performed in an identical manner except that they 
consisted of only 15 breaths in one minute. 

2G Respiratory system impedance (Zrs) was measured by discrete frequency (4-40 Hz in 11 equal logarithmic 

steps) sinusoidal forced oscillations superimposed on tidal breathing as described by Wegner, CD. etal. (Res- 
pir. Phvsiol. 55:47-61 (1983) which reference is incorporated herein by reference). The mean of the real or in- 
phase component of Zrs over the frequency range was then computed to provide a single value representation 
of respiratory system resistance (Rrs). Rrs was measured at 3, 7 T 10, 15, 20 and 30 minutes after each antigen 

25 challenge and at 1 and 3 minutes after each methacholine challenge. 

Airway Responsiveness was assessed by determining the concentration of nebulized and inhaled 
methacholine that induced a 100% increase in Rrs (PC 100 ). This was accomplished by administering increasing 
concentrations of methacholine (diluted with PBS) in half-logarithmic steps (at 7 minute intervals) until a greater 
than 100% increase in Rrs from baseline was obtained. The PC 100 was then calculated by linear regression 

30 analysis of the last two or three points on the logarithm methacholine concentration versus percent increase 
in Rrs plot 

Airway cell composition was assayed by bronchoalveolar lavage (BAL). A pediatric f iberoptic broncho- 
scope (Olympus Corporation, model BF-3C4) was guided past the carina until It wedged into typically a fifth 
to seventh generation bronchus. A single 15 ml aliquot of bicarbonate buffered (0.5 mM) normal saline (pH 7.4) 

35 was then infused and gently aspirated (return volume range from 7 to 10 ml) through a channel in the bron- 
choscope. Total leukocytes/ml of BAL was deter-mined using a Coulter counter (Coulter Electronics, model Za). 
Differential cell counts (a total of 200 cells counted) were performed on Wright-Giemsa strained cytocentrifuge 
(Shandon Cytospin, model 2) preparations. To prevent the effects of a prior BAL on subsequent BAL determi- 
nations, the BALs performed prior to and after antigen challenge were done on opposite sides of the lungs. 

40 Analysis of variance was performed using the nonparametric Kruskal-Wallis Test (Chi-square approxi- 
mation). Correlations were performed using Pearson product-moment and Spearman ranks of the variables. 
A p value of > 0.05 was considered not significant 

The single inhalation of antigen caused an acute increase in Rrs (307 ± 62%) that peaked 10-15 minutes 
post challenge, an increase in airway leukocytes (267 ± 19 to 694 ± 142 x 10 3 /ml of BAL, p > X* = 0.018) and 

45 a decrease in methacholine PC 100 in 3 animals that was moderate (>8 fold) in two (Figure 8A). The increase 
in airway leukocytes consisted of an infiltration of eosinophils in all animals (Figure 8B), neutrophils in 3 animals 
(Figure 8C), macrophages/monocytes in 5 animals (Figure 8D) and lymphocytes in 4 animals (Figure 8E). The 
magnitude and direction of the change in airway responsiveness (methacholine PC 10 o) did not correlate with 
the intensity of the acute increase in Rrs or with the magnitude/existence of the infiltration of any leukocyte 

so subtype (Table 4). 

The multiple inhalations of antigen caused acute increases in Rrs (178 ± 48%, 380 ± 83% and 331 ± 63%, 
respectively), and increase in airway leukocytes (209 ± 42 to 553± 129 x 103/ml of BAL, p > X* = 0.0088) and 
a decrease in methacholine PC 100 in all 7 animals that was moderate {> 8 fold) in two and severe (> 80 fold) 
in three (Figure 9A). The increase in airway leukocytes consisted of a marked infiltration of eosinophils (Figure 
55 9B) and slight infiltration of neutrophils (8.5 ± 2.6 to 31.0 ± 7.5 x 103/ml of BAL, p > X 2 * 0.010). There was no 
significant infiltration of macrophages/monocytes (179 ± 36 to 209 ± 40 x 103/ml of BAL) or lymphocytes (3.0 
± 1.2 to 3.0 ± 1.3 x 103/ml of BAL). The magnitude of the increase in airway reactivity (decrease in PC 10 o) did 
not correlate with the intensity of the eosinophil infiltration or with the magnitude/direction of the change in air- 
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way reactivity (PC 100 ) induced by the single inhalation of antigen (Table 5). 

TABLE 4 



COMPARISON OF CHANGE IN METHACHOUNE PC 10 o TO THE BRONCHOCONSTRICTION 
AND LEUKOCYTE INFILTRATION INDUCED BY A SINGLE INHALATION OF ANTIGEN 



Animal 


Change in Log. 
PC100 


Increase in 
Rrs (%) 




Leukocyte Infiltration (x10 3 /ml BAD 


Eosin. 


Neut. 


Mac/Mono. 


Lympho. 


a 


-1.02 


494 


23 


297 


105 


3.3 


b 


-0.S5 


278 


266 


-33 


421 


20.5 


c 


-0.75 


181 


668 


• 87 


104 


2.7 


d 


0.16 


244 


242 


6 


253 


18.6 


e 


0.21 


525 


38 


-6 


-73 


-1.6 


f 


0.24 


66 


124 


-2 


-78 


-3.0 


g 


0.36 


360 


221 


178 


264 


-0.4 


Mean 


-0.25 


307 


226 


76 


142 


5.8 


S.E. 


±0.24 


±63 


±82 


±46 


±69 


±3.7 



Definition of •bbrtvLcloru : U$. - logarithm b»« 10; rc 100 - provoc.tlvt 
conc.ncr.tlon of ■•th*cholin« roqulr.d to c.u*. « 100% Incrow in Rr»; Rr» 
rt*pir*tory syitw rt*Ut*nct; ML - broncho*lvtoWr Wvtgt; Eosin 
phili; Ntuc. - neutrophils; Hoc. /Mono. - Mcrophagts/wnocy t*» ; 
lyvphocytcs . 

* Ho significant correlation! w«rc found. 



«oilno- 
Lyapho . - 
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TABLE 5 



COMPARISON OF CHANGE IN METHACHOUNE PC 100 TO EOSINOPHIL INFILTRATION 
INDUCED BY MULTIPLE INHALATIONS OF ANTIGEN TO THE CHANGE IN METHACHOUNE 
PC 10 Q INDUCED BY A SINGLE INHALATION OF ANTIGEN * 





Multiple Inhalations of Antigen 


Single Inhalation of Ag. 




Change in Log. 


Eosin. Infiltration 


Change in Log. 


Animal 


PC too 


(xicftml BAD 


^100 


d 


-2.66 


144 


0.16 


b 


-2.13 


352 


-0.95 


e 


-1.95 


409 


0.21 


a 


-1.07 


135 


-1.C2 


g 


-0.97 


174 


0.36 


c 


-0.43 


206 


-0.75 


f 


-0.27 


109 


0.24 


Mean 


-1.36 


218 


-0.25 


S.E. 


±0.34 


±44 


±0.24 



Daflnltion cf abbr.vl.tlons : Log. - logarithm bast 10; rc 100 - pcovocacW. 
concentration of ..thacholln. r.oulrad to causa a 100% Incr.as. In rtsplratory 
aysto rtslstanca; ftAL - *ronchoalv«olar lavagt; Eosin. - eosinophils; Ag. - 
antigan. 

* Ho significant correlations war* round. 



These experiments demonstrate that non-specific airway hyper-responsiveness, as assessed clinically by 
responsiveness of the airways to inhaled histamine, methacholine. exercise or cold air, is a characteristic feat- 
ure of asthma (Boushey, H.A. etal. . Am. Rev. Respir. Pis. 121:389^13 (1980), Hargrave, F.E. etal, J. Allergy 
Clin. Immunol. 68:347-355 (1981)), While the mechanisms underlying the pathogenesis of airway hyperres- 
ponsiveness are not known, results from many studies suggest that leukocyte infiltration (Gundel, R.H. etal, 
Amer. Rev. Respir. Pis. (1989), Marsh. W.R. et al.. Amer. Rev. Respir. Pis. 131:875-879 (1985), Lazarus, S., 
Amer.J. Med. 81:2-7 (1986), O'Byrne, P.M., Chest 90 :575-577 (1986), PeMonchy J.G.R. etal, Amer. Rev. Res- 
pir. Pis. 1_3j:373-376 (1985), Wardlaw, A.J. et al. Amer. Rev. Respir. Pis. 137:62-69 (1988). Metzger, W.J. et 
aL, Chest 89:477-483 (1986)) and/or mediators released by resident or infiltrating cells (Lanes, S. etal., J.Appl. 
Physiol. 61:864-872 (1986), Lazarus, S.. Amer. J. Med. 81:2-7 (1986) O'Byrne, P.M., Chest 90:575-577 (1986), 
Wardlaw, A. J. etal., Amer. Rev. Respir. Pis. 137:62-69 (1988), Aizawa, H. etaL, J.Appl. Physiol. 59:1918-1923 
(1985), O'Byrne, P.M. et al. , Prostaglandins 4:537-543 (1984), Schulman, E.S.. Chest 90:578-586 (1986)) are 
involved. 

Antigen inhalation is known to induce an acute neutrophil and more chronic eosinophil airway infiltration 
(Wegner, CP. et al. , Amer. Rev. Respir. Pis. 135:A221 (1987)). A chronic idiopathic airway eosinophilia has 
been found to be associated with severe (> 80 fold) airway hyperresponsiveness (Wegner, CP. et_aL, Amer 
Rev. Respir. Pis. 135:A222 (1987)). Multiple (four weekly) intratracheal instillations of antigen-coated beads 
have been found to induce marked increases in airway eosinophils and responsiveness (> 8 fold) (Gundel, 
R.H. et al. , Amer. Rev. Respir. Pis. (1989)). The experiments presented above provide a comparison of the 
effects of a single versus multiple (three alternate day) inhalations of Ascaris suum extract on airways respon- 
siveness and leukocyte composition in "allergic" monkeys. 

The single inhalation of antigen resulted in an acute bronchocons friction and, as measured 20 hours later, 
an infiltration of leukocytes (primarily and most consistently eosinophils) as well as an increase in airway res- 
ponsiveness (decrease in inhaled methacnoline PC 100 ) in 3 of 7 animals that was moderate (>8 fold) in two. 
These effects, as well as the frequency which they occurred, are similar to those reported for man. That is, in 
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allergic asthmatics a single inhalation of antigen induces a predominately eosinophilic leukocyte infiltration 
(PeMonchy, J.G.R. etaL , Amer. Rev. Respir. Pis. 131:373-376 (1985)) and an increase (usually mild ( <8 fold) 
in airway responsiveness in some individuals (Cartier, A. et al. , J. Allergy Clin. Immunol. 70:170-177 (1982), 
Cockcroft. D.W. et al. , ainical Allergy 7:503-513 (1977)). 

5 In contrast, the multiple inhalations of antigen induced, as assayed three days after the last challenge, an 

increase in airway responsiveness in all seven monkeys that was moderate (>8 fold) in two and sever (>80 
fold) in three. These effects are also consistent with those reported for man. During the pollen season, the air- 
way responsiveness of allergic asthmatics has been reported to increase in all individuals, although to varying 
degrees (Boulet, L-P. et ah. J. Allergy. Clin. Immunol. 71:399-406 (1983), Sotomayor, H. etaL, Amer. Rev. Res- 

10 pir. Pis. 130:56-58 (1984)). Similarly, repeated exposure to occupational allergens has been shown to increase 
airway responsiveness in sensitive individuals (Chan-Yeung M., et al. , Amer. J. Med. 72:411-415 (1982), Lam, 
S. et al. , J. Allergy Clin. Immunol. 72:1 34-1 39 (1983), Lam, S. et al. , J. Allergy Clin. Immunol. 63:28-34 (1979)). 

In both the single and multiple inhalation of antigen protocols, the magnitude/direction of change in airway 
responsiveness did not correlate with the intensity of the leukocyte infiltration. This finding emphasizes the 

15 leukocyte infiltration alone is not enough to infer their direct involvement in the pathogenesis of airway hyper- 
reactivity. Rather, the amount and type (stimulator or inhibitor) of mediators released by the infiltrating and resi- 
dent cells as well as the interactions occurring between the infiltrating and resident cells (e.g., eosinophils and 
airway epithelium) are important factors. 

In summary, as has been previously reported for asthmatics, multiple (but not single) inhalations of anti- 

2G gen induce a consistent (usually > 8 fold) increase in airway responsiveness in monkeys. These findings indi- 
cate that this animal model can be used to screen for and identify agents capable of providing a therapy for 
asthma. 

While the invention has been described in connection with specific embodiments thereof, it will be under- 
stood that it is capable of further modifications and this application is intended to cover any variations, uses, 
25 or adaptations of the invention following, in general, the principles of the invention and including such depar- 
tures from the present disclosure as come within known or customary practice within the art to which the inven- 
tion pertains and as may be applied to the essential features hereinbefore set forth as follows in the scope of 
the appended claims. 

30 

Claims 

1 . The use of an agent selected from 

(a) an antibody capable of binding to ICAM-1 ; 
35 (b) a fragment of said antibody (a), said fragment being capable of binding to ICAM-1 ; 

(c) ICAM-1, being substantially free of natural contaminants; 

(d) a functional derivative of ICAM-1; 

(e) an antibody capable of binding to a member of the CD18 famBy of glycoproteins; 

(f) a fragment of said antibody (e), said fragment being capable of binding to a member of the CD1 8 family 
40 of glycoproteins; 

(g) a member of the CD18 famyy of glycoproteins, being substantially free of natural contaminants; and 

(h) a functional derivative of a member of the CD1 8 family of glycoproteins, 
in the manufacture of a pharmaceutical preparation for treating asthma. 

2. The use of claim 1 wherein said agent is said antibody (a) capable of binding to ICAM-1, or a fragment 
45 of said antibody (a), said fragment being capable of binding to ICAM-1. 

3. The use of claim 2 wherein said antibody (a) is a monoclonal antibody. 

4. The use of claim 3 wherein said monoclonal antibody is the monoclonal antibody R6.5. 

5. The use of claim 1 wherein said agent is ICAM-1 , being substantially free of natural contaminants. 

6. The use of claim 1 wherein said agent is a functional derivative of ICAM-1. 

so 7. The use of claim 6 in which the functional derivative contains ICAM-1 domain 1 . 

8. The use of claim 6 in which the functional derivative contains ICAM-1 domain 2. 

9. The use of claim 6 in which the functional derivative is a soluble derivative of ICAM-1. 

1 0. The use of claim 1 wherein said agent is said antibody (e) capable of binding to a member of the CP18 
family of glycoproteins; or a fragment of said antibody (e), said fragment being capable of binding to a member 

55 of the CD1 8 family of glycoproteins. 

11 . The use of claim 1 0 wherein said antibody (e) is able to bind to an alpha subunit of said member of the 
CP1 8 family of glycoproteins. 

12. The use of claim 10 wherein said antibody (e) is able to bind to a beta subunit of said member of the 
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CD 18 family of glycoproteins. 

13. The use of claim 1 wherein said agent is a member of the CD18 family of glycoproteins, being sub- 
stantially free of natural contaminants. 

14. The use of claim 1 3 wherein said member of the CD 18 family of glycoproteins contains an alpha subunit 
of a member of the CD1 8 family of glycoproteins. 

1 5. The use of claim 1 3 wherein said member of the CD1 8 family of glycoproteins contains a beta subunit 
of a member of the CD1 8 family of glycoproteins. 

16. The use of claim 13 wherein said member of the CD1 8 family of glycoproteins is a heterodimer con- 
taining both an alpha and a beta subunit of a member of the CD1 8 family of glycoproteins. 

17. The use of claim 13 wherein said agent is a functional derivative of a member of the CD18 family of 
glycoproteins. 

1 8. A method of identifying an agent capable of therapeutic potential in the treatment of asthma which com- 
prises administering said agent to a non-human mammal having received multiple inhalations of an antigen, 
and measuring any increase in airway responsiveness of said mammal. 

19. The method of claim 18 wherein any increase in airway responsiveness in said mammal is measured 
with methacholine or histamine. 



PatentansprOche 

1 . Verwendung eines Wirkstoffes ausgewfihlt aus 

(a) einem Antik6rper, der f§hig ist ICAM-1 zu binden; 

(b) einem Fragment des besagten Antikorpers (a), wobei besagtes Fragment ffihig ist ICAM-1 zu binden; 

(c) ICAM-1, welches im wesentiichen frei von naturlichen Verunreinigungen ist; 

(d) einem funktionellen Derivat von ICAM-1; 

(e) einem Antik6rper, der fShig ist, ein Mitglied der CD18-Familie der Glykoproteine zu binden; 

(f) einem Fragment des besagten Antikorpers (e), welches zur Bindung an ein Mitglied der CD18-Familie 
der Glykoproteine ffthlg ist; 

(g) einem Mitglied der CD18-Familie der Glykoproteine, welches im wesentiichen frei von naturlichen Ver- 
unreinigungen ist; und 

(h) einem funktionellen Derivat eines Mitglieds der CD18-Famiiie der Glykoproteine 
in der Herstellung eines pharmazeutischen Praparates zur Behandlung von Asthma. 

2. Verwendung nach Anspruch 1, worin der besagte Wirkstoff der besagte Antikorper (a) ist der zur Bin- 
dung an ICAM-1 befahigt ist oder ein Fragment des besagten Antikorpers (a) ist das zur Bindung an ICAM-1 
befahigt ist. 

3. Verwendung nach Anspruch 2, worin der besagte Antikdrper (a) ein monoklonaler Antikorper ist 

4. Verwendung nach Anspruch 3, worin der besagte monoklonale AntikSrper der monoktonale Antikorper 
R6.5 ist 

5. Verwendung nach Anspruch 1, worin der besagte Wirkstoff ICAM-1 ist welches im wesentiichen frei 
von naturlichen Verunreinigungen ist 

6. Verwendung nach Anspruch 1 , worin der besagte Wirkstoff ein funktionelles Derivat von ICAM-1 ist 

7. Verwendung nach Anspruch 6, worin das funktionelle Derivat die ICAM-1 Domfine 1 enthfilt. 

8. Verwendung nach Anspruch 6, worin das funktionelle Derivat die ICAM-1 Domane 2 enthftlt 

9. Verwendung nach Anspruch 6, worin das funktionelle Derivat ein losliches Derivat von ICAM-1 ist. 

1 0. Verwendung nach Anspruch 1 , worin der besagte Wirkstoff der besagte Antik5rper (e) ist der zur Bin- 
dung an ein Mitglied der CD18-Familie der Glykoproteine befahigt ist; oder ein Fragment des besagten Anti- 
kdrpers (e), wobei dieses Fragment zur Bindung an ein Mitglied der CD18-Familie der Glykoproteine befahigt 
ist 

11 . Verwendung nach Anspruch 10, worin der besagte Antik5rper (e) zur Bindung an etne alpha-Unterein- 
heit des besagten Mitglieds der CD1 8-Familie der Glykoproteine befahigt ist. 

1 2. Verwendung nach Anspruch 1 0, worin der besagte Antikorper (e) zur Bindung an eine beta-Untereinheit 
des besagten Mitglieds der CD18-Familie der Glykoproteine beffihigt ist 

13. Verwendung nach Anspruch 1, worin der besagte Wirkstoff ein Mitglied der CD1 8-Familie der Glyko- 
proteine ist das im wesentiichen frei von naturlichen Verunreinigungen ist 

14. Verwendung nach Anspruch 13, worin das besagte Mitglied der CD18-Familie der Glykoproteine eine 
alpha-Untereinheit eines Mitglieds der CD1 8-Familie der Glykoproteine enthalt 

15. Verwendung nach Anspruch 13, worin das besagte Mitglied der CD1 8-Familie der Glykoproteine eine 
beta-Untereinheit eines Mitglieds der CD18-f amilie der Glykoproteine enhalt 
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16. Verwendung nach Anspruch 13, worin das besagte Mitglied der CD18-Familie der Glykoproteine ein 
Heterodimer mit sowohi einer alpha- wie auch einer beta-Untereinheit eines Mitglieds der CD18-Familie der 
Glykoproteine ist. 

1 7. Verwendung nach Anspruch 1 3, worin der besagte Wirkstoff ein funktionelles Derivat eines Mitglieds 
5 der CD 1 8-Familie der Glykoproteine ist. 

1 8. Verfahren zur identrf izierung eines Wirkstoffes, der fahig ist, ein therapeutisches Potential bei der Be- 
handlung von Asthma zu entfalten, wobei der besagte Wirkstoff einem nicht-menschlichen Sfiugetier, welches 
mehrfache Antigeninhalationen erhalten hat, verabreicht und die Zunahme der Luf twegreagibilitat des besag- 
ten Tieres gemessen wird. 

10 19. Verfahren nach Anspruch 18, worin eine jegliche Erhohung der Luftwegreagibilitat bei besagtem Tier 

mit Methacholin oder Histamin gemessen wird. 

Revendication* 

15 

1 . Utilisation d'un agent choisi par mi 

(a) un anticorps capable de se lier a ICAM-1 ; 

(b) un fragment dudit anticorps (a), ledit fragment etant capable de se lier a ICAM-1; 

(c) ICAM-1, sensibiement exempte de contaminants naturals; 
20 (d) un derive fonctionnel de ICAM-1 ; 

(e) un anticorps capable de se Iter a un element de la familie CD18 des glycoproteines; 

(f) un fragment dudit anticorps (e), ledit fragment etant capable de se lier a un el6ment de la famile CD18 
des glycoproteines; 

(g) un element de la familie CD18 des glycoproteines, sensibiement exempt de contaminants naturels; et 
25 (h) un derive fonctionnel d'un element de la familie CD18 des glycoproteines, 

dans la fabrication d'une preparation pharmaceutique pour tratter I'asthme. 

2. Utilisation selon la revendication 1, dans laquelle ledit agent est ledit anticorps (a) capable de se lier a 
ICAM-1 , ou un fragment dudit anticorps (a), ledit fragment etant capable de se lier a ICAM-1. 

3. Utilisation selon la revendication 2, dans laquelle ledit anticorps (a) est un anticorps monoclonal. 

30 4. Utilisation selon la revendication 3, dans laquelle ledit anticorps monoclonal est I'anticorps monoclonal 

R6.5. 

5. Utilisation selon la revendication 1, dans laquelle ledit agent est ICAM-1, sensibiement exempte de 
contaminants naturels. 

6. Utilisation selon la revendication 1, dans laquelle ledit agent est un derive fonctionnel de ICAM-1. 

35 7. Utilisation selon la revendication 6, dans laquelle le derive fonctionnel contient le domaine 1 de ICAM-1 . 

8. Utilisation selon la revendication 6, dans laquelle le derive fonctionnel contient le domaine 2 de ICAM-1. 

9. Utilisation selon la revendication 6, dans laquelle le derive fonctionnel est un derive soluble de ICAM-1. 

10. Utilisation selon la revendication 1, dans laquelle ledit agent est ledit anticorps (e) capable de se lier 
a un element de la familie CD 18 des glycoproteines, ou un fragment dudit anticorps (e), ledit fragment etant 

40 capable de se Her a un element de la familie CD18 des glycoproteines. 

11. Utilisation selon la revendication 10, dans laquelle ledit anticorps (e) est capable de se lier a une sous- 
unite alpha dudit element de la familie CD18 des glycoproteines. 

1 2. Utilisation selon la revendication 10, dans laquelle ledit anticorps (e) est capable de se lier a une sous- 
unite beta dudit element de la familie CD18 des glycoproteines. 

45 13. Utilisation selon la revendication 1, dans laquelle ledit agent est un element de la familie CD18 des 

glycoproteines, sensibiement exempt de contaminants naturels. 

14. Utilisation selon la revendication 13, dans laquelle ledit element de la familie CD18 des glycoproteines 
contient une sous-unite alpha d'un element de la familie CD18 des glycoproteines. 

15. Utilisation selon la revendication 13, dans laquelle ledit element de la familie CD18 des glycoproteines 
so contient une sous-unite beta d'un element de la familie CD18 des glycoproteines. 

16. Utilisation selon la revendication 13, dans laquelle ledit element de la familie CD18 des glycoproteines 
est un heterodimere contenant une sous-unite alpha et une sous-unite beta d'un element de la familie CD18 
des glycoproteines. 

17. Utilisation selon la revendication 13, dans laquelle ledit agent est un derive fonctionnel d'un element 
55 de la familie CD18 des glycoproteines. 

18. Procede d'identification d'un agent capable de pouvoir therapeutique dans le traitement de I'asthme, 
qui comprend ('administration dudit agent a un mammifere non humain qui a recu des inhalations multiples d'un 
antigene, et la mesure de toute augmentation de la sensibilite des voies aeriennes dudit mammifere. 
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1 9. Procede selon la revendication 1 8, dans lequel toute augmentation de la sensibllite des voies aeriennes 
chez tedit mammifere est mesuree avec ta methacholine ou Thistamine. 
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Figure 6 
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Stimuli: Nont PAT PAT PAF PAT 

Tr*otm#nt: Hon* Nont R13.7 RRl/1 W6/32 




Slinutui: None IC IC IC IC 

Trcetmt-M: Non« None R15.7 W6/32 
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